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I. SUM)IKA

This stdy of life support and environmental protection for manned space
vehicles has the objectives of identifying and developing advanced concepts, and
establishing design criteria for manned vehicle systems. In order that the study
results will be readily applicable to Convair's participation in manned space
vehicle programs, the work of the first quarter inoludes a surv.ey of such program
planning by civilian and military agencies of the Government. The planned missions
serve as a reference framswork for the study. Concurrent tasks have been studies
of enviror.- t-'Ki azards and life support requirements, and an assessment of the
U. S. technological level lu onvronmental protection and life support. As a
result, it Is possible to identify problem areas and select those of maximum
interest to Convair.

Planning of manned space missions includes both research and military cate-
gories, and toth ari dependent in their time phasing on the development of boosters.
The boosters considered and their estimated operational dates are Atlas-Agena (1960)
Atlas-Centaur (1962), Saturn (1964), and Nova (1968). The manned miisions prominent
in planning aret boost glide reconnaissance vehicle; earth orbital bomb launch
platform; manned space ferry; military test space station; recoverable booster;
space laboratory; space logistics, maintenance and rescue vehicle; advanced Mercury;
and soft moon landing and return. Convair's Spaceplane concept is sufficiently
versatile for application to many of these missions.

A closed ecological system is one in which the wastes of metsbolic processes
are reclaimed for human intake. This requires separation of 02 from C02 , Ar4
processing feces and urine io obtain food and water. In a completely open system,
wastes are separated and stored or discarded; and all intake requirements must be
stored on board or re-supplied. 2artiaLly closed systems appear optimum for
missions of the next decade. In particular, reclamatior, of water from wastes
appears feasible at present, but separation of 02 from CO2 Is considerably more
difficult and :,onversion of feces to food is not promising for space applications.

Environmental aspectq which require design provisions for protection or
control are vawuumr. raeiatlon, meteorites, temperature, zero-gt aiceleration,
vibration, and acoust'c noise. Cabin design must mW•inimze leakage of the internal
atmosphere. The radiation nazard will requira shielding unless a trajectory may
be chosen to avoid exposure. Meteorite protection is significant primarily in
avoiding loss of ga3-tlght integrity of the cabin well. The temperature control
problem is amenable to asalybis and may be met by suitaole combinations of burface
characteristics, hoat flow paths, Ins,.aations, radiators, and active or passive
cortrol technlques. The remairing envircnmental aspects Impose problems in cabin
design and progress In these areas may be exp6-ttd from the current Mercury Program.

Recommended problem areas for continued Convair study are: leakage of cabin
atmospher6i C02 sepaxation and reduction; integration of environmental control and
l ife suppor'. wi.h cth~r subsystensa modular design of life wapport ad envlronmental
erntrol emqipm-rnt; and determnatLion of powtr raquirements Vor the processes in-
volved. These iA-as offer greatest preomise of benef it to Convair.



The work reported herein is a study performed during the ftrst four Wnths of
1960 under REA 9023. This work ts part of a cne year effort which has the purpose
of provldirg environmental data and deesgn crx,÷• ,. which w2.I enable Convair to
participate .ompuetltivel.y Jr manned spa:.- progrtvs. PartiLipating personnel were
R. A. Nau, C. D. Kfrg: and M. M. Mqahmoud. of the Thermodynamics Groupj W. E. Woodaon,
D. W. Conover, av.d C. H. f,:dy, of Hmar Faztore, who prepared par's of Sections V.
VI, and V'I arid Dr. R. C. A-msr.•ong and Dr. W. L. S. Wu, of Aerospace and Radiation
Medicine, whc 91so cc.Q:zte material of Se.tion zVi. Acknowledgement in made of
the cordial z.oc-peratios cf the As'rcrmsut cs and For'. Worth Divisions in providing
results of their rolated studies.

III. PROCEDURE AND SCOPE

A. BackgroinA of Related Work at Convair

List-d belcw are :2,csely related studies that have been performed recently
by the va:,c-,, Divielcns of Convair.

1. Astronautics, REA 2:2 90320 R. H. Gaarca-Varela and J. C. Ballingorp
"Bnvirotme-taL Control Study of Space V~hicles (Part I)%' Report Number
ERR-AN004: Aerophy•ics. 9 March 1960.

2. Astrcrautlc'; REA i1i-9027 and REA 11>9123: D. E. Meister and It. B.
Wllr -' "The Role of Man i1. Earth Satellites", Report Number AZG-006,
Reliabtli•y-4amaz Engineering. 11 Fetraary 1960.

3. AREA 11.1-91211 "Reflectivily of Materials". Work in progres.

4. Ast:on.aut!'a• W.rrk perfvrmed frr Astrcnautiss by Ionris 2 Inc. 152 Sixth
S'rset,, Cazmbridge -.2: Mass.: "Study of ai.ironmental Requirements for
Mar-ned Space Vehicles", 17 November 1959.

5. Avc'-crr...-is, Krafft A. Ehricke, nA Sys t ems Amni2ysIs of Fast Manned
F lgh's tc Venus ard Mars", 11 March 1959.

6. San P.egc." R. A. Nau* "Erd:=,-trr.l& Control Systems for Manned Space
Ve.:les"e* ASZ Paper Nc. ý1-AV ? 1, r is rrted Aviation Conference,
9-2.2 Ma -h 1959.

7, SL: D,!g)L REA 8340, PSA 23'. R. A. Na&, Propcsal to NASA, "Life
S'pp.,r°. Sys*-V DesigL Stuady for YXnred Spaie Vehicles", 8 September 1959.

8. $sn ±egc.. REA 83<20< C. D. King "Sef-Susta~lning R&nkirne Cycle Cooling
Syst.em Fta.ibi•i'y Study" 20 1'-y 1959.. -f, ".- /iA-"

9. S !,' ego REA ,.. ropore s .'' -AD) ..n r:Pcnse to PR 92069, Space
Vh'-2e Th."r:� &.1 A mvspter.c Ct'ro& 3"y." R-Txrt ?Abo.: ZR--760-016,

^/A



10. Fcrt W-r,.n: REA PR-14 71 "Thprzmr Systems Researh, Environmental Study",
Repurt not yet released.

1U. SLOMARM A Crnv'a'r propcsa2. ws. s'jtmitted with Astronautics as the lead
Dlvizir-a for a Spa- t,.gis* . Maintenance, and Rescue Vehicle Study.
It. Is plenne.f t.at., if a cont.razt is awarded, the San Diego Division
effort w."2. include the Life &apport and Environmental Control Systems,
Report Number AE 60-.)2;6: 14 March 1960.

12. ?WSS4 The Mil-•tiry Test Space Staticn propeoal included basic studies
of Life Supper 4ý and Enrironmenta! Control Systems, %nd experimental work
on -.hems and related ratsystems. As above, the San Diego Division would
r.~pp.:t AstmcOeUi za :.n the areas menticned, Report Number AS 6CL-02179
21 Mar.•h 1960.

B. ?meue

The study sequece listed below was follcwed through the fourth step
during the first q,•vter cf work. Irfcrmation was obtained by literature
search, visite t-o g.:vernment and Itdustrial establishments, and attendsnce
at technical meetings.

1. Mission Stud

Pr.%!aV.e mzanned =.ssics and tl'str estimated 3alendar sihedules were
d6+erm!'n*d so that this study wuld have maximum applicability to these
missions.

2. -,a]'Lqm LSLtu46

Data of natuca. and _n!dued envirnnmenta! tharacteristics were asseh1led
for uze in .tbLshiu dfIgn cr4.te.•Ia.

3. Techno oSu.-e y

Prugr-as in r8iar .h anr. develcpwert t-.yard environental control and
*,'f supc~crt sstp=3 was assessed.

*. s-ILrt t•cn of "ir _.Prob_'em -Ustip

Thtoim proble. it.-as offerin• gr,''iest prsi 3se and most amenable to
C^nravr etffort were rhcsen for f•'"r stidy.

5. ITr 'cif Sele-te r b4s

An tic'-,s de.se- stid',. szA 1!r'ed -KVer1%ental work will be per-
forAd ,iN.rOrg tI, -Aindor -f t his rogra.

IN OT REt" *' ..
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C. scope

The t ime scale considered for this study is to 1970. Only manned missions
are considered, and the "space environmentn is construed to include atmospheric
flignt during boost. and re-entry. Emphasis is on man's physiologfnal require-
ments and the means by which these requirements may be met with least penalty
to the vehizle. It Is assumed that within the next ten years the mission
duration for any individual or crew will not exceed 30 days, and that vehicles
of longer life will have a crew rotation schedule.

IV. MAED SPACE MISSION PLANNING

A. Booster PerforMnce Usj

The information outlined below is from several sources, among whiob are
some inconsistencies. Its purpose is to predict capabilities ir the time
phasing of manned space missions. There data arc believed to be current, and
will be revised whenever new information is available.

Booster Atlas Titan SatuNO

Thrust, lb. 300W000 + 300,000 + 1,500,000 6-9,CO,000

Operational Date 1959 1961 1964 1968
(estimated)

Upper Stages Agena (1960)
Centaur (1962)

Approximate Payload
Capability, lb.s

Earth Orbital, 9;000 9,000 37,000 290-8000
poriod=90 min.

24 Hour Satellite 2z500 2:500 13,000 60,030

Circumlunar 3,000 3,0CC 13,000 100,000

Mcon Land'.ng 1.000 1,000 8,000 9,000
(no return) (return vehicle)



B. fromsed Misios

The listing here indicates the spectrum of manned space vehicles most
prominently considered frr development during the next decade. From this list,
one or more may be selecled to serve as analytical models for environmental
control and life support system studies, at which time the most recent vehicle
data wil be used.

1. Boost Glide Reoonnaissance Vehicle. Atlas or Atlas-Centaur class booster.

2. Eartan Orbital BDab Launch Platform. Saturn class booster.

.j. Manned Space Fermy. Atlas-Centaur.

4. Space Laboratory. A+.-a%-Cent.aur or Saturn cl.as booster.

5. Military Test Space Sta tion. A version of the space laboratory. Atlas-
Centaur or Saturn.

6. Recoverable booster.

7. SLOMAR (Spaýe Logistics, Maintena"e and Rescue). A version of the manned

spaco ferry, At] as-Centsur, Sat-urn. or recoverable booster.

8. Mocu Landing and Return. Nova.

9. Advauced MerAuxT. Atlas class booster.

C. Spacenla.

This is a mannod vehile which would fly from ground to orbit and then
re t urr,. to býae with ae.' ha.-dware intact. The versatility of Spaceplane would
permit it tv perform many of the missions listed above.

If nuclear energy is applied to manned space flight, a now clus of
missions, and of p-ot:eams will come into consideration. The prcoplsion capa-
bility will make -ssi.ble t2~ghts ,of ring duration, such as in exploration of
other planets. The long alss~or duratt.;n will greatly Intensify nearly all
of the problems Ir life supp-rt and environmental protection, It appears
improbablo that mz a-' -v of this class vili occur within the next decade.

The "#&b!@ tiw is the t-i ;"-.rrert es' i=ate, arA will be revised s&

new infrmruation tO *einf avtloa&o.

F.



Atlas Class. I I

3 1

6 x

Saturn 4 x

7 I

2 I

Nova 8 &

Electrical Prop.

Spacepian. I

Duratin of "he inmanned space flight, is tte most significant sing1r variable
in analysis of life stpp,":t.. and .-avirormental control requirements. For this
reason, it is apprcpriate to establish short duration and long duretion Cate-
gories and select a mission from ea-h for study. Tentatively, the range of 3
hours to "2 hours viUl be defined as P short duration mission, and long durations
will be In t he rangei of 3 days +o 30 days. It wil. thus be assumed that a con-
tinuously orbiting vehl%'o has ýzev rotation and resupply at intervals of 30 days
or less. Withi3 thls frarewcrk x tentative selection of miasions to serve a
analytical models is as followst

1. Short Duratic!,: Spaceplane.

2. Long Duratio-: Spa:@ Laboratory.

V. DEflNIT.N OF SPACE 1IROMMI*T

A. L.s-u-rsP--,I Lw

1. Raditio

(a) A ror' (.Solar). Total radiant energy at ýho top of Earth's
,zos~phtro %vrieges !h'.$j more than 0.2 watt/ca'e rt vhl h 0.14

w /t,'cm' is d!'e:t zo.ar energy vith a spectral distribution ws
toil.o...



.NOTREPDU
Radic 0,.3 cm 10 meters
Infrared 0.7i iO.i" 0.0715 watt/cm2  (51%)
Visible 3S3a 7000 0.0575 (41%)
Near UV 2000 3800 0.0105 (7.5)
Far UV and
Soft X R.ay 'I 20W. X 0.00028 (0.2%)

Hard X-Ray
and Gfaa ?o4 ii

Data on radiat.ion in space are reasonably adequate
for denlgrg puzp'-seb. Wo significant degradation due to photon
exposure of s.r-,.tural mat eria2a is expected. However, more complete
informaticn on the Lntensityý spectral distribution, and absorption
zharacteristics of hard UV and solar X-rays in space is needed should
4t be necessary or desi.rable for men and equipment to operate outside
the protective vails of the space vehicle.

A few representative examples of the direct or indirect effect of
electromavietil radiation cn life support systems for manned space
vehicles area

Infraredt Engineering of temperature control systems for
sealed cabins or other enclosures proviied for
the astronaut,

Light S Vision of 'the human eye in observation, navigation,
etce. Auxi!Aary power units using solar energy.
Closed ecol,.gical systems using solar light.

UV and
X. Rays t Interference with radio commuications through

I cno.3pbers.

(b) .. adiat.ion Au evaluation of the biclogical risk of
eypcsa-,* to j cnizing radiati on in space. based upon data available
"*o the early part of 1960. i.- given in ZR 659-057. Subsequent
luncrwat4 i on pr.vided by Exp*ore.*s VI and VII and Pioneer V (out to

mil•es from Earth) kndica~e that, radiation levels are within
2% of previcis metuxarew-nts taken vithin the vicinity of Earth and
do r.•t change the .non11a.!sio•s of the study. The potential. radia-
"*irn ha~aeds of the nat.'ra2 environment to manned space missions
are, (W) the ac-e expcs.ure of a space crew to protons trapped in
rsgnetl-' felds of Earth (or other planet..), or emitted from the
sun during periods of high solar activity, and (2) chronic ex-
posure e.o galatic mowJ- radia"ion when missions are extended in
time wnd 3pace. On the basis of current knowledge, the radio-
biologl:al rick f.o spar.c. "rews for protracted periods of exposure
will be wlh..u eacept:&2ie ]l.'s a*. orbital altitudes below 600 km
and betwee'n a ]a.2iude region roa-ghny equivalent to 40eN and 400S.

'7.



MNOT REPRODUCIBLE
(1) Van Allen Ra icn*. It is generally agreed that, except for

very br.ef periods, the inner zone of trapped particles will be
uninhabita'le for manned orbiting vehicles. The extent of the
inver trapping zone, and the relative intensities of spiralling
particlss. are essentially constant in time varying less than
20%. The radiation hazard arises from the small but biologically
signifi:ant prot+on :ompe'nent of sifficernt intensity and energy
(5-.400 Mov) to produce dose rates as high as 1 r/Ah ven after
penetrati.ng several mid.lmeters of lead (or about /, g•/Oi).
The lower '&.!its of the zone show a longitude dependence - from
400 km above the central Atlantic to 1200 km above Singapore;
mexinu-m lntenf.sity of irner region occurs between altitudes of
2000 km tc 6000 I= above the equator. The outer zone of trapped
particles begets at about 12:000 km above the equator, with max-
im=m itten3ily at about 16:000 km. falling off steadily to a
normal .osm-i ray backgr:0u-d at about 60,000 km. -Particle flux
in the outer Van Allen region is charazteristically of low
enargy - p.edo.ivsntly eleotrons• with only about 1 proton/oP/
se,:, of' energy greater than 60 MIv. Average dose rates on the
order of .1 r./r through 1 gm/.= material thickness are most
probably delivered by secondary X-rays through electron inter-
ac.tions. A manned vehicle in a 24 hour orbit within the trapped
partile region will require added shielding for missions last-
ing Lvre than a dav or so. For deeper penetration into space,
rapid escape throuigh the Van Allen zones will result in an
lniegral docs of about 10 r within a lightly shielded vehicle.
AL-%.ming a similla dose on the return to Earth and no acute
high exWpos'es to solar particles, the total mission dose may
be coneidsred an a-ceptable risk.

The physi.-,ýa effects of exposure of radiation--sensitive elements
to tht .Uattenuat d flix of ?harged particles will possibly have

some drpct c. I-:di.rect be-aring 1;ou l.fe-support equipment.
Trapped radiatlcn at Nll Intensity vwl3 produce dose rates
e.e~imated -t:om 1000 to 20:.000 r/lr., sufficient at cortinuous
.xpwsure -o AV-enhuaily cause radiation damage to unprotected

pl.•+tic•s ard solar battery sarfaces.

(2) Solar.Ylses Ionizirg particles arriving at the top
c.f atmc.•phxre. (•er the polar caps and high latitudes) have
been detected a few days after intense solar activity but beyond
the -'.:tn±.ty -:f Eu.-h lo;-a/Ized regions of solar particles will
prob:vy Ira upredi•table - or perhaps giving only a few minutes
ws--nJng to Yre.s operating Jn spaze. The intensity of solar
proton -I- the range of Interest from 70 tev or less to several

-h:.r.dred Mev fals off more rapidly (as E-2) toward higher
en-rg!es *har, do *-rapped protons, but the biological effects
and ohe'edPug problemw are c.¢mparable. Solar electrons have

J. A. Van Allen "Analys.e cf' Spa'e Rad.aeton Phenomena", delivered at Manned
Space Stations Sympoei.m., 21 Apri; 1960.. Lcs Angeles, California.

* r./hr = Roentgens/hr.



rNOT REPRODUCIBLE
m.'t teten de4 .e,,~ed at 4 hgh enough energies or intensities to
pres~rt a nbieldirg pr1ýtM. The oharac 4 .eristic features of
sa.& paxrt~lae storms are.. (I.) frequency of occurren.-e which
-P apparn.1y rele asd lo tte 13.-y.- sum-spot, eyelesk averaging

1 per mnonth d-ring per' cd, of intense solar autivity,
(2) relati.veay bre duratiocn at, maoxix*. intensity, (3) essen-
tially me-.directi.onal ±1.,jx shciwing a very strong latitude
dependeun:' ..- '!z o:he B arth., and %~4) the unknown
spatiC. distr~ltu'iem otf sla..partic' e storms beyond more
thean 1C EArt-h redi.:.. The highest, Lnt~ers3.t-y of so!&.- particles
occ-jred 4n. Fel~rise.y 195.6 I-eNM I.ni2at~ion dose rates from
10c-.cl) r,ýb. 3.asclnq~ tor abc-.t a dsy ware eirtimsatPd at the top
of the at.n,.-phe.-e. in :'q59 during a ei-:7ar eventlmsiu
inni~zaionr (measutir-! at~ high latitaides th~rough 1gmc'
re.:ý.'-d 510 tize2 n.cmal cosmic ray bsa.kground for a few hours
the=. dev~a.ed! 'ýy a !&.-.*or of 130 eve-.v 4 hours. 'Explorer VII
equp!rert.. wo-nit-orr.tg -ont~inujously for 6 months recorded only
A. evsr,, '-Rxeed4Mng twice norma. On April !at event,, ocunt,
rates iZ'ý.re6.?ed more than a hirndretdfold for a few seconds at
a dist~snce of 30,000 miles from V'irth and about 30 times
normal ccsmd.I. ;:sy Aztensity bey(cnd the trapping fields. Van

Ar'reati'neen that, there may be" perhaps 100-1000 solar
part.i.1es/t,, 3 cif lk-ur energy in !.nt~ep2lanet~ary plasma and
be.'.eres t!& solar protons may p-ossibly be a major hazard
but cr.~.y bsycnd-vinji-it~y of Earth.

(3)Pr5m-8rL9Csmi.' Rela atic'n, Information obtained from recovered
nu,.lear ernisAcnrs exposed a,, balloon qltitudes, and from rocket
c.nd sat~ell'e !ntraments haqa Indicated that density of primary
r~osmir! n~c'ý:. ,A 7oad th.,j Influent-e of Earth's magnetic field

a~eaga bc2 pirt~ic Ars/:m2-.sec from a.21 directions in space.
Hyd: ogen s~c'aLe'. (p:'etors) n-.ount, for about, 80--85% of the total

f1i;helium ru-lei. 11. 1% and ruclei of elements frnm lithium
tbro'4gh iu~ :'.1%. The pr'.ary cosm5..-z particles are-pre-
s'.2x&-ly c'f geoa'ti~i origir. and have charactveristicaU-7 high
kineltt--c fn-rgteF~.im a wile spect:imn from, about 500 Mev/nusleon
to~ as h~igh a; 100 cT ;.Q Mev4'rvic3eon with Intensity varying
approxinate'.y as E-- I-B--8 The 'Lower energy, nuclei are
d',fle-A'ed ly "re g-ýoagr~t'- field and do not ordintrily pene-
tra-p tel.s' the inner' Vwet All2en 7rnie. At alt.it-udes greater
1;h:h 6400 I= doi- ý:-t'es aý;-3: a-e abn-rzt 0.025 red/day.. varying
as zmu~h a-z.C% Ll.t *1a !-. kn,-o~n about. the biologicvAl effects
e'f su-.ý hig-. er~-.-gy par'',tix the pot.ential hazard to
h-urLan- wo.'. app--&n 1c, te i.'sIgnifI:7ant. as zoinpared to other
ras~ of epqr^.~r~y ~ expos~are t~imes on the
orde.r of dirys cr .&.Of -sdlobiologl.c concern however is
thsA StatiS*JAl ~ . how.ever slight. - that a heavy

nu:.e~rol 1ec.--~v Jntar,6or, with vehi2.e structures
may per~e&-rat~e t1-e lbv.mar l-oLdy w. 'Ac enough energy to produce
dense !,cr..-r 4 .Ion vhiz:-tIr i,-arv-' rzay irreparably damage or
dastr:y :i vi~el to body !%knstions.

.9.-



2. d.......... NOT REPRODUCIBLEJ
(a) N ot• Meof teeoriteHqardq, A marned space vehicle will be sub-

Jected to acouuta.:, bombini"dment by meteoriter. These bodies will
vary frcm m;rnute molecular particles which tend to sandblast the
skin of the vebhlre aud ultimately destroy its optical and thermo-
dynami'c sula~e propertier, to larger bodies which will penetrate
the cabin wall and may result in the loss of the life-sustaining
oxygen.

MXeorlt.is ccnsttute the randomly orbiting debris of the solar
system. Scme of them vhlzh follow rather well-defined orbits are
known &s sho•:-.n.. The largest concentration of meteorites is
ar".o• the e•.p~i . plane and t.has interplanetary trips should be
conducted above or below this plane to minimize meteoroid encounters.

The usua:. orbit. of meteorites are highly e3centrio and thus they
san assAime vele:.i~±e• ae high as 4a km/sec. The relative velocities
of meteoritea striking earth vsry from those corresponding to head-
on :.cl!i•sb,. in the direc-tion of motion of earth., of 71 k/seo to
those correspondling to the Earthts es.ape velocity of 11 km/seo when
a metecrM..ie 'at-hes up with Earth from behind, the Earth's orbital
velc±ity being about 30 km/seO.

Mist met•'ort.-i orb!t around the sun in the same direction as the
Earth ard c.- planets. It is thus beneficial for interplanetary
vehicles to f-llcw thR same direction to minimize high velocity
collisions.

The problem of assessing the natu-re of metecrite hazards may be
divided :ýategor'iia1y int-o tw? partst

(1) Est.lma'Ing t-.e nrexqency of encnu.n.er of meteorites as a
fun-,tion of t.le?.r dimensions, mass and kinetic energy.

(2) Estimating the f of :ollision between meteorites and
the expcsed s,%rta'es cf space vehicles.

(b) Mathrm%:!.cal Des-.r1p!,-on n! ,•eteo:J.. Flux. Present knowledge
of me ec- :c. 'i " f•ei-,x is ba.%-i on ',tvial, photcgraphic and radio
bse-u-e..rp• ..ct,'p.ed vl'h scm. re.ert, satelli+e tests which are

sc spa:-... that +h-y .hc-Jld be "cr-aAd'r~d as inconclusive. Whipple's
latest da'as whi.,'h sa.'e bayed -:n visvJal and photographi. observntionm,
repretsent .n- heer s-arze ars,32.able.

WhlppC.e ass-neer a mean 3tfl.'!Ug velocity v = 28 km/se= for brighter
met-.ec!.C- s to 15 km/se: fcr fait. ornps. A visual. magnitude value,
•€ cf zer. was ineigned tr mete.cr!.'es with a mass m of 25 gin. The
mass otf met.crit..s serik-v. FUr'h was e.qtJm%4ed at. 54 tons per
magni•'de per day. A si.mple dltsrtry-iir.n law was employed to
xp_-.s rt#.. n-i...er ,.:f v.pteorites aR It furA• ion of mass. The rela-

tion. " maas and vlsual Tagn~td-e 6a% expressed ass
S :: 25 ea0 2 i (M)



Nowl if N is the number of meteoritic hits per square foot per

year, then it follows from Whipple's data thats

f = 7.74 x 10-8 . 0.921 T (2)

A linear relation between mass and visual magnitude as given by
Whipple ist

V = 35 on/seo (3)

From equations (1) and (2)s it is seen that

then

or Nm = constant (U)

This expression holds true for any of the known explanations of
meteoritic flux enaounters. A plot of N versus m for all the
published estimates is shown in Figure 1, after BJork and Gazley.
It is interesting to find that the upper limit of this plot is
3000 times greater than the lower limit. This illustrates the
associated degree of uncertainty regarding both the mass and flux
of meteorites. However, Whipple's data seems like a rough average
of various estimates and thus constitutes a good working model in
the absence of more precise information. A deviation of an order
of magritude will be expected. Figure 2, taken from Whipple's
data, shows the number of meteorites striking Earth per day as well
as the number striking a near-Earth vehicle.

(c) Phenomene of Meteoroid Penetration. Most of the early estimates
of meteorcid penetration were based on hypervelocity impact data
obtained in the laboratory. ALI data dealing with the impact of
single particles lay in the velocity range below 5.2 k/leeo.

Explana iong of the impact phenomenon differ widely. However, it
is agreed by most researchers that energy is released over the
minute L'upa:t area ard that the ratio of penetration depth to the
diameter of mettorite is a funztion of some power of the iinaot
veloci•y: or, -- = vn. 'When the volume of the crater is con-

siderel proportccral to the kinetic energy of the projcctile the
value of n is fouAn tQ be Bu. Bt, if it is held that the crater

- ii -
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volum is proportional to the entua of the projectile then the
value st the exponent is only *. Caloulations by R. L. BJork# of
Rand; indiWate that the -4. power should be used for high volOOLtY

•olisions while the 2/3 power is to be used in the low velooitY
region.

work's al'o.zlstone lead to the following relations

+ = 1.169 v0.35 (5)

A good estiation of the penetration of the skin of a spaoe vOhiole
is that peretration occurs whenever P exoeeds two thidas of the k:.i
thioknaess.

(d) fo c o, A mean velocity of 15 km/seO was taken by WhiplO
"as that corresperding to minute meteý.ritio dust particles which tend
to erode th. vehicle's askin. The maxim= Ips ero4d from a surf&oe
was given by Whipple as equal to 4.5 x Jaot/sec/1 9o r a
surfaeu density of 3 gk/co this corresponds to 1.5 x 10"46 on/sea.
Erosion wM also result from corsl=luar radiation from the sun and
frcm sublimation of the surface by the extended solar corona.
khipple estim.at.s that. ercsion due to these three fazors wi
destr0y the optical proper.ioe of a surface after about one year.

(e) Hagsrd EL.aluaticl_ It is renomerded that the following procedure
be utilized In order to assess the nature of meteorite hemardot

(1) Use lhippleas data for determining the frequency of encounter
of meteorites.

(2) Use Equition (5) and Bjosk's esatmates of the effects of
me4 eornd penetrations.

(3) Utilizing the al.ove data and estimates, establish curves
showing .be relattion between the number of meteorites and
the sizes of Vantures produced in different kinds of space
vshjic2 surfaces as a function of tins.

.3.

Soze pertinent chararteristica of the upper atauophere are suinariaed in
the following table.

114 ,



ATMOSHEC C OP0SITIOV AND DIWSIT!

Pressure Rel. Atmos.
&1M jr- L ealcmow uitimr .. 11.2u.L..... ki

9 14 1.7 Fress. Breathing and
press. uuit(or press.
oabin) required.

Partially Sealed, Pressurised
10-12 15-20 Space Equiv. 78% N2 21% o2 10o" Cabin reaired.

15 24 Osone Lqer;
Max. Conan1 10 PR 03

19 30 0.16 i0-2 Mux. intensity at
55° lat. of secon-
dary radiation.

25 40 Heavy Primary Cosmic
Radiation Absorption;
UV and Solar Abaorp.

30 50 Dynamic Weight- Upper limit fc" Aero-
lesanesa dynamic Lift and

Navigation.

43 60-70 Ionosphere Ballistics or Reaction
Begins 0.465 x i0" Control required.

62 100 0.256 x 10"4  10- No sound transmission,
no light scattering.

75 120 ,Lower limit for meteor
absorption. Upper
limit for Aerocij•namio
heating.

100 160 Molecular Atozic Oxygen
Diasosiation

120 200 Tctal Spaoe 0.258 x 10-9 10-11 Effective Atmosphere
Terminates.
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B. 2d ELronMed

The induced environment factors are thomahich are areated or modified by
operation of the space vehicle system and its crew.

1. Nuclear Radiation. Radioactive isotopes or a nuclear reactor may xapp•y
energy for propulsion or for auxiliary power. Another possible sorce
is a nuclear explosion set off at high altitudes or in space. Partiole
types: fluxes., and energies will vary with the source, separation distance#
anM time.

2. Accelaration, Vibrations and Acoustic Noise. There rill be tzanuient and
steady state accelerations and vibrations during boost and re-entry.
Vibrations may also be generated by equipment mn board. Accelerations
due to rotation may be introduced intentionally to establish an lartitifo
gravityl, or may result from malfunction of altitude stabilising equipment.
Acoustic no-Lee will be generated from various sources during-all phases
of operation.

3. •.LT a1 or Zero Gravity. In addition tc physiological and psychological

effects on the crew, partial cr zero gravity is significant in structural
design criteria and in aspects of equipment design and performance. Fluid
behavior is affected in processes of heat transfer, phase separation in
boiling and condensing, and in cabin atmosphere control.

4. Cabin Atmosphere Contamination. The b-aan occupants contribuze C02 and
moistare, arAI trac.a dusts, aezoeols, indole. skatole. hydrogen sulfide,
mnthane, and bacteria to the cabin atmosphere. Equipmi.t may contribute
CO. acroleirs, and various hydrocarbons. Control is requix-sd from both
toxicity and odor considerations.

VI. H•IUN FACTORS

A. Qruj TgAIM

Creu tasks to b• performei either within a re.•-ntry type of vehicle. or
within a spac stat ion will moss. profitably utilize man's unique capability
to sense, ditriminate, decide and take appropriate action. In compailson
with wunmanned vehicles or ground :iirulators. functions which can be performed
by a space crew will p6rmll, more precise evaluation of epace phenomena and
physical and biclcgical effects of spaci environment; and flexibility and
reliability to the vehicle; and prov:Je noro realistic training and indoc-
trination fer spaze cxlo3-ratlon. The following list is 7y no means complete
or comprehenslve, but indicatei some of the -ors obvious tasks to be planned
for mannod operatlons in space.

Studibs of Ear'h;: ?-rface. r, mosphxXz phenruena, (e.g.: ierto4 rap•y, cloud
cover, et,)o

Astr~ph•,x al ir-',stiti ir nd research.

S16 .



Meteorological studies.

Biological effects of cosmic radiation, weightlessness, combined stresses.

Research studies in human and animal physiology$, behavioral sciences.

Plant ecology.

Hilitary Observation

Reconnaissance, survellIance and intelligonce of military air-land-sea activity.

R&D, test and operation of electronic countermeasures (and ICCM), camouflage
techniques, and other milita.7 art@.

Coordination of weapon systems.

Data collection and transmission of geodetic data.

Operation of relay itations for cormunication, logistic support.

Uavigation, remote guidance.

Vehicle CmtroU

Back-up to automatic controls (plotting course, position, attitude, velocity,

time over landmarks)a

Guidance and control in re-entry sequence

Orientation aund alignmcnt of vehicle

Control of oscillatio'n rates

Monitoring or braking system

Maintenance And IM

Detecticn, rcplacemcnt anj/or repair of na]lunctioning units and system.

Problem-sdsng of fai ures of units and systems.

j-onitorl!•' and C2Qtr,9l o'f

Capsule En7iromuont (pressure, corposition, temperaturo, humidity, etc.)

Fhysiclodical Functions.

Intoeral radiaticE doses.

Soclo-pv'choloýe, %I, -oLavioral responoes of crow members.

Teoting of anturials, raw eq-Ipment, and instrunontatizrn under loads, zero *GO, etc.

Rc'ki-. and Prarxmit rM!Ay 34.(11 fra satollites -r other vehicles.
17-



S niga, Evaluation, and Transmission

Physiclogical and Psychological responses (verbal and telemetered reports).

System status.

Mission status.

Train, indoctrinate, check--at new creus nd replacements.

Tost training devics, rehearse emergency procodures (or other little used
techniquos) to maintain crew proficiency.

B. Phv1si LoUaI AaRcag.

Human metab;;ol requirements and tolerance limits to environmental
changes arc reo•soably well defined for many of the normal and stress
conditiuns which can be simulated in ground laboratories; for exmple
artificial envircnmonts. acceleration and beat loads, noise and vibration,
short periods of woightlessness. Obvinusly, human tolerance to prolonged
weightlessness, prolcngecd exposure to primary ccsmic radiation,, possibly
complete isolation witthcut communication with ground station, can only be
determined under actual space conditions with the vehicle crew serving either
as passive observer or as a functioning part. of the space-vehicle complex.
A greater problem, with respect to physiological aspects, may be the
synergistic action rtF a number of physical and psychological stresses imposed
simultar.oouslyz Some cf the parameters which apply to design of Ilie support
systems and man' capability are presented as graphs reproduced from
Congressional Document, 1959 - H.D. 86, "Space Handbook: Astronautics and
its Applications" (G.P.O.). The compilation of physiological and biophysioal
data. gathered in first quarter of 1960 will be augmented or revised as more
complete information becomes available.

1. Food-and te' ReQuirements

The daily metabolic turnover for standard man wteighing 154 lbs.
(with respiratory quetic.nt of 0.82) averaG's 2830 calories.* Food, water,
and xyygen fcr maintaining metabolic balance requirires, by weightz

80 mas Protein

Z70 gwo Carbcoydrate 14.59 % = 1.15 lbs./day
1.0 Pis Fat

2200 o H2O 61.37 % = 4.85
S62 gns 02 (603 liters) r 19

Total 7.9 lbe/day

OH. G. Clmmrip "T, o Erginoort-I Envir<:ont cf the Space Veh:ic1, Chap. 6,
! I2, SPAC2., DueU, Sican =nd Fearco, 1959.



The IiieRepcr.. giv~s a tot-a2 weignt of alimost tuice this amount
fVr optimum fc~odp wlater and oxygen requi.rements. Figure 3
(adaptel from graph giver. in Konoe c is "Shielding & N~uclear Propulsion)
indtcatee that. for- miasiou times longer than 2 to 3 weela,9 when the
cost In pc~unds for food,~ wat er anid oxyrgen supplies becomes greater than
re-cylizig./regenorat ing system, water recyl.Lng aul C02 regenerating systems
must be acnaide rel fý.r weight, eoonomy. F,,r Inibsion times greater than
100 day" wit~hout r.-rupply, a clcatd ecological system must be considered.

2.,~~~h

The relationships of ambient pressures, atmospheric composition, and
exygen partia.l pressures are shown on Figure 4. C02 tolerance Is given
as tunct ion of exposure tlime in Figure 5. From a physiological stand-
point.. a normal or near normal sea level sealed cabin pressure is
opttwimu for efficient fuanctioning of the crew.

3. ad~imt TW~1rnime

The recommended limit for _-.-cumulated occupational radiation dosage,
In rem*, is determined. by the formu;Aa D = 5 (W-38) where N is the age in
years. A more realistit. dose limit for exposure to radiations in space
should be based upon ari-.eria different from those app2.ying to an
occupationa.l populati4ou group assumed to be continucosly exposed to an
average 5 re4/yr over a 45--year period.

Aoute dofien of 50 rem or lees should produce no detectable injury
or immediate effecte provided previoub and aubsequent acculmlated. dosage@
do not. execd t~he ac-ýepted tWD. However, ACut6 dosages above 100 rem..
euper~impc..sed uporn other- stre.sse'j cf space flight., could have more
serioue offc-.-t&e upon an astronaut than m~ight nornally be expected after
accidental %;r clinical radiation doses.

One of the most cri.tical problems 'is the physiolcgical effects,,
under spacp '-ondit.Ion.,, of ionizinxg radiation. particularly primary
coŽsmic nu--l3i aga~nst vhich shielding is Impractical, if not impossible.
A fav of the fact or which may affect criteria for crew selection and
rotation. are:

(a) Indivl1,dua& , age and p~rev~ious radiation exposure history.

(b) Effe.ý-.~vo~r~e~ of Drotectitor te-chniques such as close body
Ehllt a-Lr~g, b~-ieic.prophylaxes,. aetc

(c) Rer-ulte £f prtscnt. and future radiobiolcoiical research.

Hur=~ tclarance., t-., radia~icn aro sLL-rarized in rigure 6.

Prr. t xp.su to 06 11g* or sabý. g' will be encouantered

Orm= rad. xc rolative o~vt ffectivoness factor
red =100 ergs abecibedi per gi am cý tissue
Roentgen 96 erYgB dbgfbfd pcr graM 'qf ti2su*.

.19..



DAILY WE~IGHT REQUIREMENTS FOR HAN'S VITAL NEEDS

(oxygen, v&t~r, food)
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i n orbital or T epa,:e flIghts unless the vehicle is constant4l
undergoing eit mer linear or. arngular aceoloration. Energy reserves,
engineering limitatlon." eystem- failures and human tolerance for
complex angu2ar acceloration may obviate the possiblity of
simulatiug "g" by ,:.nrtinued vehicle acceleration. It is. the-efore,
important. tc :onsider the prtable consequences cf both short and
protracted exposure6 to noax or abrolute weightlessness in order to
establish desi.gn guA.de lines for lifo support systems and personal
equipment. to attenuate any adverse responses that are anticipated.

In order t. deofine 4.hese probable adverse responses a compre-
honsive revi¢c of hun.zn physiology is roquired to determine the
phy-ical, physiologicaJ, and metaboll.3 functions that are significantly
influcjnced by g.avitational forces and would, thorefore, be altered
when such forces vere markedly rediced. Prediction of probable patterns
of, and requirements for adaptation of the man it, thi. altered environ-
mont., can then be made, as well as the manner in wh3ch such adaptations
will create special design requlromerts in the ve.Jicle. Of'as gr~at
an import.at:e will be consideration of hor. the alteration in functions
induced by expcsure to sub.-gravity states will affect tolerance for
exposure to n:rmal or hyper-gravity states during return to earth or
other planetos.

(a) Diclso

Abundant clinical eviden:e iu available to indicate that muaculo-
skeletal structiaree develop strength and substance to a degree
which correlates with the magnitude of stress developed in the
structure of concern. For example, large, well developed muscles
result. from often repeated stressing of the musnles, heart
enlargsment rcsults uhen ".he voik done by the heart. is increased
by pumping against an incroas.d blood pressure. Bone structure
inczeases its strength and density when exposed to stress and the
rac cf hoailrg of. :..ne frac-ures is increased by stat4o stress.
Opposite erfccts rulult when musc]e or bene are not working and
U)jss of substances er "disuse at:ophy" and decreased strength
de-elop in a matver of a very foi.' weeks in muscle and bone
structures imn.nblli2ed in oasts or splints. In a normal
gravitaticnal field nus.:olc.-skrlet.a! st:uctures consistently
work against the pull of gravity and also against the resistances
to frictional and elas:.i• forces developed in and between the
moving tissuesc .f the boiy. In a roar 0. "g" field the work
done in perforLng moator fun~tions would be greatly raduced and
without some add:tional enforced conditioning program some
"disE;se aftrophy" wculd soon b6 apparent. Bcih physical and
chemical changes would result, as well as decreasing ability
to tolerate "g" stzesseso encountered during re-entry conditions.
Also the ncrmal hydrocstatlc pressures developed in the blood
and ether body fluld colvnns in a normal 2- "g" environment would
disappear ir, an 06. -"g" environment. Normally a riHse of diastolic
blood pressure and an increase in heart rate occurs when a person
changes2 pcsition from a supine to a sitting or standing atti..ude;
this Zompcnsatos fzr t he affects of grawity upon cicalation,

[NlOT REPRODUCI AL.



Likewise. select!--.- ;Sns-t.-.icn .•r cr.aln blood vessels and
dilation of others takes plar.e at, sauh times zTo regulate the
the fl.v cf blozd when various body areas are subjected to different
hydrostatIc pressure2. Pressure recepters and chemo receptorsp
in various ar4-..rxes cf trje body.. are at1uiat.ed by pressure and
circulatory changats to help effect the adaptation described above.
The ability of these structures and the mur.-ular layers of the
vascular walls to rapi:2ly adapt t.> these changing conditions is
quickly lost even in hcai.',hy persons maintained at bed-rest
4ibore changes in hydrobtati'- pressures are essentially absent.
ConseqaelJ.ly, a sudacn Mhange in position from supine to erect,
after a fcw weeks of bed. rest reaults in the failure of
-irculatory adaptation and causes sudden loss c^6 consciousness.
Prnlong-d exposure to C-. or eub "g&I could be expected to have
affects similar to pr.longei bed-rest., and the subject -auddenly
exposed tc an increasei gravity state would be vulnerable to such
Impaired roaponese.

The energy zoquirements of the body mill ctriilate with the amount
of work perform'Ied: so vould be expected to decrease in a sub-
gravity field unless ori"orcod work was planned to tompensate this
difference.

Likew.se, oxygen utilization; respiratory function and carbon
dioxide prcdý-,tion would ahange in accordance to altered energy
output. Th,-ý A Mr, turn would affeAt design consideration for food
and oxygern zupply, carbon dioxide absorbers, thermal oontrol, etc.

Body size and :-hape will. be alteral by removal of gravity forces,
which !n iturny could affest, design of personal equipment.

V-lnmtary and reflex motion would be exaggerated in an "0" gravity
field until antagontstio muiszle groups ruai undergone adaptation.
Upon x.•turr to niorma'. o: high "g" states disbalanm:e bet-ween
antagc.nistl,' nas,-le groupb would be apparent.

Visual funtr.ion would be altered by a reduued gravity field with
a zep(,-' ed± apparent upward diaplacement of objects.

Lccmt.jot. and etability voulk-d te eorioaly compromised by absence
of friztion be,.we~n the body and the vehicle Etructure. Orienta.-
t.,on woull be zompzcta.ee' by j.ss of otclith position sense and
propric~�':,..';-". pn-e. The slacp_:g subject would likewles be
uithou;t ,?isaal ricn•.ati cn. Disa.rienwa 4.io. and reflex autonomic
and p-y.hAi dhsa ,•r'n.Ž.c.zha7e boen demonstrated to occc.r in
subojt.s awal:enca while in an 0. "g" state during a parabolic
flight, in aixr.raft.

Inge.stion of food and fluid and probably digestion and elimination
ill.i b• affX,:t'.d b2 an altered "g" state. Changes in body

%bhCe y'r., icss, of nincrao] Ea;s.• atc., would be expected to
accompany "d.t eu5- at;ophY", and altered circulation if artificial
moans to m.irnt-air normal fav,:tion were not planned.

iNOT REPRODUCJB[ Y1
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A complote study would greatly expand tho list of changes, and
could point out many aroas of design.. indoctrination, and
tiaining that would be most important in aiding and measuring
adaptation to reduced "g" states. The following abbreviated lists
divide anticipated changes in man exposed to sub or 0- WgO states,
into acute or short tarmed affectsa and chronic or log term
effects. Also a few of the probable serious results of abrupt
return to a normal or high "g" field of a subject adapted to
o, "g, will be listed. These lists assume that no techniques
are employed to offset adverse effects of sub-gravity state
and thereby help clarify problem areas where use of attenuating
techniques or devices should be considered.

(b) A e ](agtleseness Syndroe

Slight increase in height and slight alteration of body shape.

Exaggerated motion with application of normal muscle forces.

Jyes &and Visin

Disturbea flow of lubricating fluids of eyes with probable
increased blink frequency.

Transient extraocular muscle imbalance.

Upward d.iplacement of vi6wed objects (oculo.-egravic illusion).

Absence of otolith function of static position sense.

Probable altered acuity for sensing angular acceleration.

I-R§Qand SUinuse

Altered drainage of sinus cavities.

Tendency for displacement of food and fluid from r.outh into
nasal passages.

I-pg:,te4 doglutition.

N)croasod relaxed chest volume.

Po•-ible altered cardiac axis duo to upward displaccment of
abdo ninal visoera.

Rxa-goratcd diaph:ratatic cxcursicn durini respiratory cycle.
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Increased blood flow toward lungs fcr a given venus blood pressure.

Altered pattern of circulation through lmp,

Probable reflex changes in respiratory rate.

Increased volume flow for saew energy output of heart.

Probable reflex ohanges in heart rate.

Gastronest1al

Increased mobility of viscera with normal strength of peristaltic
contractiona.

Possible reflex nausea and vomiting as a result of disturbed
vestibular function.

Skeletal Muscle and Peripheral Nervm

ImpaireC locomotion.

Exaggerat6d responses.

Impai& ed task performance.

Loss of proprieptive sense.

Impaired postural sense.

Possible falling sensation.

Euphoria.

Anxiety.

Disorientation.

Hunger for stimuli.

(c) gh=; Weia tlesaneuu

Some L-crease In body height.

"-e alteration in body shape.

Disturbed flow cf eye secretions.



Probable increased frequency of blink reflex.

Adapted extraccular muscle balanoe.

Ooulc.agravic lliuions,

Abseece of otolith function of static position @enseo

Probable altel ed acuity for angular acceleration*

Chz~at LW aug
Decreased relaxed chest volum

Possible altered cardiac axis due to upward diaplacement of
abdcminal viscera.

Adapted respiratory excursion.

Adapted pulmonary blood flow.

Adapted reduction in respiratory rate with weakening of
respiratory muscles.

Probable reduction of blood pressure.

Probable cardia; atrophy.

Decreased cardiac reserve.

Decreased muscular tonus of blood vessels and impaired reflex
adaptation to changing of hydrostatic pressures.

Adapted parlstaluis.

Possible reflex nausea and vomiting with episodes of disorientation.

Moacular atrophy and reduced strength.

Adapted locomotion and other motor perfornm=e.

Adaptation to absence of pzo-ricceptlve and postural sme.

Possible octeo -o-ce-j due to 1daiuse atroph.

.AS-



a.

Adaptation to zero 'g* state,

Prubable loverei, total body supply of bone salts# aleotrolyteep
protein, and blood and fluid voltma

(4) o Resul,+ of Abrunt, Expoeure of a jiahtleusneuu-
Adnted SR1blegt 4,o & High "GO FjieI

Extraocular muscle iabalmn e.

Sudden return of sensation of peasiior sense W'ith possible dia-
orientation effects.

Chest nd -njw

Increased work to perform respiratory exuroion.

Sluggish diaphragmatic motion.

Altered blood flow through lungs.

Impaired cardiac reserve and impaired neurocirculatory regulation of
blood flow in the presence of increased hydrostatic pressures.

Pessible dicompenaation an! -yucope.

Radiced musc~ular atrength to resist gravity.

Return of proprioceptive and postural sense.

Alteration of body posture and alteration of locomotion,

Impaired structaral integrlty of bone vith predisposition for
fractures induced by high 9g forces.

Alterod rt•porres to sulden In(rease In number and types of otimuli
reaching the -ntral nerrous system.
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The abcve partial listing of probable effects of weightloesneos
discloses several requvremento for men who may be exposed to this
condition for protracted periods of time. For examples

Laboratory facilities should be conaidered to measure daily proteip,
fluid. elec~rclyte and mineral losses, ete,, jo a work-exeroise
and dietary regime could be enforced to maintain normal metabolie
pattens and preserve normal tolerances for Ogg and other stre.sses

Effects of the probable changes in body size and shape must be
considered in design of personal equipment. Consideration shoulA
be given to mec.harical devices which can easily be designed to
affect differential pressures in various body parts to stimulate
and exercise reflex cardiovascular adaptive mehazaim which
normally compensaete for similar changes induoed by gravity.

Enforv•e3 exercive can be performed 'n energy-storing mncbhnes to
simultaneously condition the men and create electrical or pressure
energies for use in the vehicle system.

Techniques to aid processes of eating, drinking and waste-product
elimination can be determined. Aids to stability and locomotion
of the man Lan be designed into the vehicle structure.

The absence of normal convect.ion of environmental gases in a
state of 0 "g" would introduace the hazard of rebreathing high
cc:ncentra4 tons of CO2 which could collect about the face area
of a subjet. if forced convection were not employed, DTring
sleep,, when the face may be, to some extent,. pocketed by bed
clothea.. etc., special coneideration of adequate forced ciroula-
tiaz across the face area would be indicated.

A comprehensiive study of the probable effects of weightlessness
should define numerous areas where integrated man-machine life
supporl. 3ystem design would be influenced.

Ac e]eoratlcne produced in launch and re. entry are expected to be
within the human tolerances shc.n on Figure 7. Several techniques for
increasing ,oý.ezan-o •ave beon. or are cirrently, under study by a
number of mil.,.ary and 3ivillan agencies. One technique, designed and
tested by Convair: whi.-:h is the use of posittI, pressure breathing
to increase tolerance (reported in . A.-001 '. Jan. 1959) is no
being intensively s'udItA by Service agencies. It is not anticipat,i
that ae-oloration forces will be a critical problem for low-orbital
mihsions.

Noise lei2 "hr holds suffi1.,ent t.o produce tenporary or peruanent
hearing lais vary rrnm abcut i00 db to 125 db depending upo= frequency
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and duration. Protection agalw". sound levels during rocket protpulsion
stages cr engine malfunction should be no major problem when acoustical
materials and/cr ear defenders are used. Noise levels produced by
equipment operation cr ctber sources though well below the threshold
for permanent hearing loss, may be a critical problem if noise intensity
causes serious intTerTaptions in communications*

Within the frequency range of greatest sensitivity of the human

ear, noise intensities have in general the following effect.:

140 db produces pain

80 - 220 db noticeably uncomcrtable - causes
fatigue and irritability.

50 - 80 db comfortable hearin

20-50 db too soft for eas hearing

More complete tables of acoustical noise levels over wider frequency
bands are given in a number of reports.

Vibration of low frequency -* h h amplitude produce greater discomfort
(e.g. msoion sikese) than vib:r.ions of higher frequency-lou amplitude.
Low levels of toleranc• to sinu., •al vibrations range from 1 to 2 g
at 3. 4t 7, and 8 :ps, to as high as 7 to 8 g at. 15 cps. Some problem
areas may exist in providing damping to reduce physiological effects
of vibration and oscillationm.

7. Dic2wressl2a

Biological effects of gradual deo.ompression arei 1) hypoxia from
lcss of oxygen partial pressure and 2) decompression sickness from lose
of to½ai cabin pressure. Tolerance levels bear a complex relationship
to partial pressure raTios, rate of pressure change, and type of diluent
gas. These rslationsnips are disc ussed in the referenced reports.

Time tclsran.es within a range of oxygen partial pressure values
are shown, on Figur- 8. Lowest rafe limits, as given in the literature,
lie between 90 and 100 mm Hg. Evidence of performance deteriorations
at, pp 02 belx-w 115 mm Hg and appearan,.e of psychological effects at
96 mm Hg have been reportel (ref. Ionics Report). Symptoms of --oute
hypoxia (sleopiness, 3assitudeo altered respiration: inability to
perform tasks, loss of consoiousness and death) first appear at pp
of 80 mm Hg and are fully developed at 60 = Hg.

Symptoms of derompression tC..hneEs (pain, "bends", chokes, etc.)
due to nitrogen and other body gases e Dlved and trapped as bubbles in
body tissues - can appear within 15 .. 20 min. when total barometric
pressures roach 6 to 8 psi at 02 N2 ratios of 21r: 78%; pre.-breathing
I0WA 02 for 2 hours at normal barometric preszures reduces incidence of
symptoms when total pressure is reduced below - 5.5 psi.
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IDurIng altitude chamber tests, rapid decompression from about
11 psi to 6-1/2 psi has resulted in loss of consciousness, paralysis, and
injury to lung tissues. Complete recovery was effected by gradual
re-compression. The probability of rapid or ^xplosive compression
(with fatal results) is considerably reduced by the hermetic sealing
of compartments, structural techniques, and other safety measures.
Konecci has calculated that it iould roquire a hole about 50 sq. in.
to decompress a 200--cu. ft. cabin to less than 2 psi in 1 sec. There-
fctra gradual decompression with its hypoxic effects are oonsidered to
be the more serious hazard.

8. TeMrner-awe Tolerance

The effects of relative humidity and duration of exposure to
various temperatures are indicated on Figures 9 and 10. Man can function
most efficiently at temperatures between 600 and 800F, at relative
humidity belcw 70% and above 30%. Protective clothing is required
beyond t.hese limits of temperature. Optimum temperature is considered
to be 70OF at 50% RH. With protective clothing (and for short exposure
times), temperature tolerance limits are considerably extended although
tests conducted at Convair (as reported in ZR 658-051) have shown thata
1) physiologial mobilization to changes in temperature from 1000 - 150oP
is greatly In excess of physical stress. 2) psychological effects of
unexpected equipment failures greatly increase the stress response and
3) human pereeptiom of temperature changes is imuch less acute below
about 70OF and above 1500F.

9. wastal

The han.dling and disposal of biological wastes is essentially an
engineering problem in design of life support systems. Those aspects
of hygiene and sanitation which are directly or Lidirectly related to
waste prod-.t contrUl aro considered under the general topic of waste:

1. Pat-hogent.1 Qrganimm

2. Odcr

3. Atmcsphereic toxins

4. Dusts and aerosols

Pathoganic organisms (such an rispiratory infections) can be
introduced into the !losed cabin (nvi-onment before launch and during
checkout by infectod ground personnel or evon carried by crew members
who may havo boon oxposed to viru.es%, or other orjaniams. One function
of the grourn holding facility will be the pre-launch isolation and
car!!ful modical quparvision of space 7ehicle crow, as well as ground

Roneccl, E. B., "Hazards of Salo! Cabirn". Artrormautics, Feb. 1959.
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crew members. Effe..tive zan~tation control. of cabin facilities,
equip.ment and suppliee, and packaging and handling of foods and
liquide. will require techniques including rig!d inspectionkuae
Of disinfect~ants,, and possibly,, even starilization before hermatlo
sealing of Z~ompartments. In..flignt control of e4usts., aerosols,, odors
will be provided by circuJ.lation-f1.ltering-absorbent systems specified
in derign of e-virenmental. control& equipment..

Equipment and lechriques in monitoring, colle~ion., or sanitizing
methods., may "ce deloI.ped from reliable senring apparatus for particle
size and toxic~ levcJi, the feasibility and effeativeness of air-
ionization delricet; ult-raviolet. light.. Suzbmarine exporiente with
Cj1)eS SysteMS c~an be used as a basis for further investigation concern-
in~g identification,~ buili-up rates, and control of irritants and
ILoxioantrj. whi-h may be released in equipment operationa.

Maxim~m permissible Comnentration of aerosolse, dustes odors, and
toxic materials for a wide spectrum of cbemical compounds are given
in Industrial Hygiane Handbooks, and other references listed in3
bibliography.

A comprehensive st~udy of psychologllcal problems of manned space fligt,
has been reported by Ionics for CV Astronautics. Some of the psychological
fantor3 discussee have direct relationship to design of lie support
systems. In an analysis of c~rew size in relation to effect~ive performance
on space -vehicle -vrs the maximum time periods given in the table below
are for a crev completely isolated in space u-ithout. frequent communication
with ground stations (or other space vehicles).. and without assurance of
emergency assistan'7i. When the system is "opened" by a high degree of
vehicle reliability, dependable communicat ion. and emergency help.. the
A._a'Lcn c:,f the 'nisbion will be consIderably longer for a given crew size.

1. Complete Open

one-~man 1 wk. Isolation limiting -factor
Automnation :ýiquired
Longer if carefully
selected and trained.

2-mr10-15 days 15 w.ks. if continuous monitoring
t.asks are not required.

3--man .30 dsSoc'iological problems
leading to performance
deterioration.

-mn6C00Q days Smallest effective crew.
Swxiclogi~al pr'-bleina reduced.

&_n60-.90 dayu Grcup canflicts &rise

12-Can 906-120 days If Ideal s'election & leader-
ship.



2. The effec.te of isoaticar, confinement and deprivation of stinmli ari
expected to be manifest in performance deterioration and sociological
problems. Those recommGnded procedures which appear to have the most
value in reducing thee6 psycholcgioal stresses include the following

(a) Provldirg communlcat ions media such as radio, facsimile neow
tape recording#

(b) Providing recreational facilities such as tesevision, movies. mualop

exercise

(c) Prtviing meaningful tasks and rotation of duties.

3. Optimum duty Zyelee, suggested in lonics report are based upon an
IS hour day. with on. -off-duty ratios of 3:6. Estimates of time required
for most effective performance of critical tasks are given as 30 to 90
minutes and monitoTing 60 to 180 minutes at one stretch without relief.

4. Other re.ommendations su!n as peer ratings by individual crew
members, the type of stimuli tu be pr-.vllded:, and criteria for crew
sele-tions•, are olpi to question.

5. It is apparent that psychological stresses anticipated and the
means of redu•:Ing them are matter-, of wider divergence of opinion than
Is the case with physiological aspects. Many of the solutions will be
derived only from experience gained from early space missions.

D. Gr_~_L gZ t

"Just ns the ground.-suppcrt equipoent of the balliscic missile differs

significantly frov that of conventional aixcraft, . mast the support
facillry for the space-crewman of the future - the space crev holdin
facility - differ from presenw air crew eupport".0

The obje.tixes of a g:oandbased spa!: crew holding and support facility
are to perforM capsule assembly and zheckout, perform final training and
medical mainteraný.e of the citswmen and make a final selection of operators
for a givenr miesion f t• the crewman pool.

In keepi.g ui*th Convair's long- range plans to become active in GSE and
A&E programs, tbh roidlng facility requIroments assume a position of double
importance witb zr.spt C ' o the pZCsont REA- supported program. First, the
holding fazility func'ions arc as recclsary to the eventual success of
manned spal'e misiozA ap the on board life stpp~.rt equipment and secondly,
the holding facility sah. ai-tem: buildiings and equipments will constitute a
substantial pcition of t•, rots? GS requiremonts for a given base.
Functional rcquirementr for th 4pa,':o crew holding :acility are in the
earliest itaec of a.sessmont and eraluatior.; however, a partial lusing of
these requiremeote as presenTly conceived are as follovit

; Ref. Astr0o 'tcE/F,.. 1W- Pini B. "HoldA.ng Tizity', p.40.



1. Space crew and support personnel quarters.

2. Insure prolonged operation capability.

3. Conduct life-support equipment modification.

4. Provide orewmen physical conditioning faoility.

5. Provide preventative medicine .and health maintenance.

6. Conduct crew-capsule integration and training.

7. Provide near-space similation.

B. Condu t cpecific-mission final psychiatric-physical screening
and selection.

The steps involved in the design of a holding and final training-
environment facility are as logical and as systems-oriented as the desin
of the vehicle and its ground support equipment, and permit no great
margin of error.
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VII. ENVIRONMENTAL PROrTION

A. TherMa Contr IS.ttM

The internal temperatures of the spacecraft under consideration are
ocntrolled by two major faotorsa

The first is the temperature of the outer skin of the "paes vehicle
which depends either on aerodynamia heating during boost and re-entry or an
the radiative truxsfez- between the vehicle and its environment oharacterised
by the Sun, the Moon, the Earth and spacer when the vehicle is above the
Earth's atmosphere.

The second factor in the heat generating characteristics of the personne)
and equipment inside the 7ehlcle, and the transfer of this heat to the vehicle
either by radiation. icnveý,tion or conduction. The outer skin temperature for
"a given vehicle configuration, orientation and trajectory can be controlled to
"a certain extent by #he proper -hoice of the thermal properties of. the surface
materials.

The temperature variaticn of enclosed vehicle space will require the
utilization of a thermal control system to provide the desired amount of heat-
ing and ýooling for both the personnel and the equipment. The hbating and
cocling systemas will be 'lassifted as either passive or active. A •assive
system is one which does not require the use of a heat pump. It mIgL4 , however,
utilize a fluid transport system and/or some kind of space radiatiors. An
active system will be defined as one which uses a heat pump such as a maec-uaieal
refrigerator or a thermoeleztric cooler.

1. Prediction of tht HeaLog#a

The prediction of the heating and cooling loads of a space vehicle
depends on three independent factors&

(a) Aern4dvnmJ: He%4inq during Foos+ and Re-en*ry Phases. A space
vehicle is stru-tursaly designed with a premium on saving weight
ainýe a 100 tc 000 pouvds of booster are reauired per pound of
payload. Thus it is a rhallenging problem to design vehicles to
withtaud aerody=-!ta - heating. The effects of this heating wil
diztate both the exterva.l configuration and the external structural
materials to be used.

Once the vehicle 'a designed, its outerekin temperature profiles
dur3ng thA boost and re-entry pbasee will constitute design para-
meters for the life support systems.

An exis+ rg Therm,_yrAmics Group IBM 704 Program utilizing the
referance ent'Llpy methcd has been in operation since 1958. This
program !, being utilized to calculate the outer skin temperature
profiýs cf veh'-c-'"s due to aerodynamic heating. It has shown
good -orrelattor vth '99* datz. Howevere. it needs continuous
updating to keep up w.h data of the properties of the upper
eamcphere which are belng accumlated from the latest satellite
Informat ion.
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(b) tral Radiative Heat, Transfer. The external sources of thermal
radiation inclids tho f~un, the Earth and the Moon as radiators, and
the Earth's cloud cover and atmosph~ere as reflectors and scatterers
of solar radiation. The trajectory, configuration, thermal conducti-
vity, heat :.apacity and rediatioiD icsorptivity characteristics ane
the dominant obje."t perzazeters :in external thermal radiattiv* heat
transfer.

(a) ;Aterkall jGnnt9iA Het Lpda, The internal heat loads include al1
the heat generated by the personnel and the equipment carried on board,

(a) ?"ioSa2 Passive systems are those which utilize the cyclic
changes in radiative heating and cooling of an orbiting space vehicle
to produce moderate temperatures in the living space.

Passive systems will either employ static components only or go as
far as utilizing a fan or a blower to transport a fluid. They will.,
thus, possess an inherently high degree of reliability. The desira-
bil it.7 of using a p~assive system instead of an active system caanot
be over-emphasized. Further studies for the optimization of general-
ized passive System$ should be earnestly pursued. The limiting areas
to which a passive aystem can be used should be defined.

The techniques employod in passive system include the followings

(1) Radi1ation fins: These fins are used to radiate excessive heat
to apace.

(2) Veriatle therms.l prcperties of outer skins The thermal proper-
ties of the cuter AkID of the vehicle can be vuc.id such that
the relation b~tween their solar absorptivi Lli ann. their longvave
rmfle~tivlty rP3~ts I.= obtainng optimum internal -&bin temper-
atuires. In orde.,. to accomplieh thim, different matsAal coatings
may be Used and a striped or patterned vehicle may resf.1t. Carm
Mo~uld teh taken in designing these coatings ouch that no colod or
h,;, sp-,ts are produced.

(3) (C'du^.ivr patlhsi This is a passive technitque ut'"tlzed to
Sthe he&*, tr~nsfer through the use of var' v:.. insulati.,q

and :c.ndu':ing matirials.

\14) Varia~tl radiatton sh-1e1dat This m~thad utiliftes some kind of
windows or eh~utters to Civa the ee of vari~able radiation
shielding, arA thuis ý:ontrcl the ae'.nt ,-f rtilati." transfer.

(5) va!Iltag.0 In-ulae.iori TIU4~ techn~que uti~lizes -v~ uhicle skin
as a 396P rsdllator in c-Ci~junrition vltý a heat trea.:wport fluaid.
The :v'- rbital !,@at load profile L used In or's:* to, arrive

a! . a: :,)ptab.s ut .rrnai cabin twa~raturo.



(6) Radiators; nV athnique employs a cloned loop radiation
system: ocmposed or a heat exchanger, a beat transport method

and a space radiator.

(b) Active CoalL~x Systems. The main advantage of an active syste U6e6
in the attainmsent of higher radiator temperatures. Thu., higher beat
loads can be dissipated and a greater degree of control can be
achieved. Active systems will be divided into two categories:

(1) Mechanical Rt-frigeration Systemst These systems are either
open cycle or :losed cycle systems. Open cycle systems
utilize expendable fluids and offer attractive opportanities
for integrationi with othegr vehicle subsystems such as auxiliary
power systems, attitude control and water distillation. The
adaptability of water boilers to space vehicles is very promising.
The extension of previous Thermodynamics Group work on water
boilers to thin application can be very fruitful. bperaticn In
zero gravity is one of the main problem areas here. Closed cycle
types include vapor compression and air cycles.

(2) Themnoelectric Systems.: Thermoelectric cooling systems using
certain semai.-onductors and utilizing the Peltiesr effect offer
considerable promise as refrigerators in the next few years.
They pcs&bees many advantages su%.h as compactness and accessi-
bility to isolated areas which make them exceptionally attractive
for uose In space.=aft.

B, Radiation Protection

1. Shielding

Crew protection agalire t high.-intensity protons in the inner Van Allen Belt
and in sol-ar plasma fields is a major problem in vehicle design and shield-
ing. Exposure "~ Van Allen protons may be of short durat~ion or avoided
completely. Solar proton stn'rms enco~i.'tered by a vehicle deep in space mel'
be of sufficien'. intensity and duration to serious.'y affect men and equip-
ment.

Adequate radiation prote.t~ion. for specific manned missions and exposure
times will. require design studies to determine the optimum combination
of structural materia]- wad placement Of ffuDplies and equipmnent surrounding
the crew. Materials of low or interme~ditle atomic weight ýsv'ch as Beryllium
or CoarboD) are most effestive in redu~ing ionizing particle& incident upon
vehicle walls (electrors. protonsL and primary cosmic radiaticn). Hydro-
genoius matfealal provide effective shields against the neutron flux from
a reactor pirpulsion unit,, as well as the -sutrons produced when high-onergy
particles are attenuated In vehicle walls. Lcw density fuels, water, food,,
or other supplies and equipment of low specific weight, if strategically
placed withit the space vehicle -an te used to augment any structural
Whelding that may be necessary. (Radiation levels high enough to produce

significant act ivation of food and water can be expected to be lethal to man)'.
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The requirement for high density materials such as lead, uranium,, et. to
reduce the gazma or X-ray dose within ocoapied space will be considerably
modified if the heavier shielding is used only to enclose the lout volume
in which a man can function effectively , such as a single compartmentp or
even individua. capsules. Such temporary proteoticn may be necessary In
passing through the inner Van Allen Belt on escape trajectoriesi throuh
brief, intense storms of solar partioles; or Argus-type radiation, arti-
ficia.•.y ineocted and trapped in magnetic, fields. In the case of nuclear
powered vehi~les, direct and scatter gama radiation produced during the
propulsion and ahut-dovt phases can be well enough estimated so that sield-
Ug analysis will inclucoe shaping techniques, and shield orientation for
the temporary proteoion required for crew. A number of applicable studies,
conducted by Convair-P, Vorth ire referenced in the biblioGrapby.

Reaator-crew compartment separation distances for thrust versus dose rate
(unshielded) hare been estimated by various authors. Representative grayba
for direct and scattered radiation fzom a powerplant are given in a number
of reports (4 ) and can be used as a first step in nuclear shielding analy-
goes

" C. •Metods of Mtsorite Lrotectij

Several methods have been prolposed for the prevention of meteoroid puncture
of surfaces of spaoes vehicles. The beat known of these are the followings

1. The % -r CCn00t

This idea, originally proposed by Whippple. employs thL basic concept that
a mete.ritte oxplodes as it ccntacts the bumper surface, with the resultant
diaprsing of itA LJerg7 over & large area of the- primary surface to be
"protected. This technique provides nte of the 3ightest and pirsibly most
effective -i1athods for protec~tcn againat meteorite hasards.

2. Maasivo Rsisatn~e Techi~i

I- this method the th!.kreas of the prJmary skin of the vehicle is in-
sbd to the extent that the probability of a penetration Is a;-birarily

reauied to a *rall mAgnitud-.

Silicone-kased last.', zaterlal. are utlji!ed for instantaneouw eetalin
of meteo:-.te P uctures. Conme, -iafly avatlabl silicone-based plastits
have a temperatzkre limit for austained exposure of about 550eY. A self-

(•'• Koneoci: Eugere B. and Trapp, Retest, "C1Wculations of the Radiobino10oCi
Risk Fac ors in Nuclear Pc'ver-d Spa'e Vehicles m, AArJ5kw Vol. I08
pp. 4V-- 506, July 1959.
Trapp, Mobert. and Kone;zi. "%igen, B., *Melding and Ncleoar PI'pulsionm,
1ioglas Aircraft Cnrpwrf Engineering Paper 8IX, Kissiles aud Since Systmas
Engineering, 2Skina Moni-.a DilIsloa, July 1919.
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sealing spa•*. vehi•1e skin is expected to weigh about 0.8 lb/ft 2 .

A. LUM uIW -T ebe."

In this method, which has been under experimental study at the Ilectz'-o
Optical Corporation, minute metallic balls in a fluid are circulated
next to the cabir outer skin. Some of these metallic balls are supposed
to rush to any panoture caused by meteorites and plug it.

D. Other HaILMLad I ._ !,nct~v eu

1. Fire Huaur

Very little work has been reported in the literature relating to the
study of fire hazards in space vehicles. However, the results of con-
siderable efforte by the aircraft industry to minimize fire hazards
aboard airplanes may be readily applicable to space vehicles. The
factcrs which ccntribut'3 to fire hazards include cabin atmosphere con-
positions partial pressure of the component gases and total pressure.
The nature of equipmant on board and the materials used are also signi-
ficant.

2. Cabin Leakte

One of the most critic.al problems of space flight is the loss of cabin
atmomphere by leakage wd eonsequently the loss of the crew's life-
sustaining oxygen. Holes or minute cracks in the cabin walls may result
from meteorite punctur•s. 1hermal stresses or mechanical forces associated
with launching and recovery of the vehicle as discussed above. Puncture
of the vehi~le's skin may also result from other accidental hazards, or
from hostile enemy actions. It is noted that many of the mentioned cracks
may te very m!nute ard will. thus be exceedingly difficult to locate until
a substantial amoulat of the cabin gas has been lost. The rate and extent
of the lose of :orf!.aed at.mospere wil.) depend on such factors as the
volume of the space csablun the area of the hole or crack, and the pressure
differential betweer, the ribin and its external environment.

Heasuren for protectito against cabin leakage include the following#

(a) Mears of detectiob and moiDtoring of punctures so that instantaneous
repair measures -an be underl aken.

(b) Make-up cf lost m's<•ph.ere should be initiated once a puncture occurs.
It is noted that a high pressure -%bin allows for a greater deooa-
pressicn time and thus permits more time for effe.tive emergency
measures to be 4a•en. Make-up gas should be composed of both oxygen
and a dliI_,en" gas. If cnly ox~gen Jii s•upp~ied in case of such emer-
gency its ccn~ertretion in the atmosphere will constitute a fire
hazard.



(a) Compartmentation, whereby the damaged compartment may be sealed off
from other parts of the vehicle, constitutes a good protection method
in case of leakage.

(d) Space suits should be provided to be worn in case of cabian doo.
pression.

(o) Preventive methodsp such an the use of a meteorite bumper, the massive
resistance, the fluid slurry and the self-sealing techniques discussed
above should be considered.

3. �mDabh4•g a 1inre

It Is recognised that without an escape system of exceedingly high relies
bility no manned spaose flight could be planned in the next few years. In
the Mercury ProJect, for example, an escape system exists coaisting of a
tower and an escape rocket attached to the capsule. In case of failure
the escape rocket pulls the capsule away from the booster. The tower and
capsule then coast until they slow down. Henoe, the tower is jettisoned
and a parachute is deployed.

Some of the inmediate missions are planned with the crew riding a Mercury-
type capsule during the launch and recovery phases. Rescue from such
vehicles wi3l thus be similar to the Mercur7 capsule. Rescue from more
advanced vehicles will have to be attempted through the use of secndar7
vehicles. The design of these vehicles will have to include effective
meas for the transfer of the occupants to the rescue vehicles through
emergency air looks and doors. Eoriake recommends the uwe of secondar
propulsion systems, navigation system and auxiliary power vystea.

Space suits and the compartmentation technique should also be considered
for use during emergency conditions.

G. •aAn Structural ReV4MgM9Bn_&

Placing a man it orbit and returning him safely to Earth imposes e#on1
extreme structural requiremants on the space cabin design in order to protect
him against both the hostile environment and the mechanical loads assr oia" ed
with launching and recovering the vehicle. The following requirements have to
b6 met by the cabins

1. To protect the Internal atmosphere and guard against its loss.

2. To act as a shield against thermal stresses.

3. To protect against acoustical noises and vibratices.

4. To withstand the laun-h, re-entry and landing forces.

5. To shield against meteorites and apace radiations.

6. To provide waple living and working space for the crew.
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An intricate cabin struoture will thus have to be provided to meet all of
these requirements. A compoeite structure is proposed which consists of an
outer shell, radiative insuation layers that act also as meteorite bumpers and
an imner shell.

The outer shell will have the following requiremente

1. To support and proveot the inner shell.

2. To provide thermal and acoustical protection.

3. To act as a meteorite bumper.

4. To provide means for entering and leaving the cabin, for both normal and
emergency operations, through the use of some kind of air looks.

5. To provide means for outside observation through direct or inaireot
windows.

6. Tc provide radiating and ablative surfaces.

The inner shell will constitute a sealed pressure vessel and will be

capable of meeting the following conditionst

1. To provide living and worklng space for crew and eqaipmnt.

2. To carry no external load but. will transmit internal loads to outer
structure.

3. To be resistant to explosive decompression in case of puncture.

4. To be as independent ai possible of all the thermal and structural
stresses of the outer shell.

5. To avoid leakage regardless of the mechanical forces imposed upon the
vehi-le during hcaost, re-entry and landing phases.

Figure 11 is a sAheza&ic representation of a proposed cabin wall
structure, showing the radiative insulation layers placed between the inner
and outer shells.

Manned re-entry vehicles may be either of a ballistic type, with a low
weight t pag (W/CDA) ratio or of a glide vehicle type with modarate lift
to drag (-k) ratio. Both will hu~ve low entry path angles. It to estimated
that the deceleration forces will bg of the order of lOg for bel/isti
vehicles and about lg for the glide vehicle. Neither of these will pose any
extraordinary struotural desap problem.

46 -



PfROPO§E CABIN WALL STRUCTURF

outer .he//

Shl



The thermal stresses associated with the vehicle's launching and rooovery,
due to aerodynamia heating, are quite severe and will consequently impose re.-
trictiona on its structural design. A ballistic type re-entry vehicle should
withstand a high rate of heat input. An ablative shield is usually used vitb
such a veh! 'le a a heat sink. A glide re-entry vehicle is exposed over It,
major area to a smaller heating rate and a mach larger total heat input tha=
a ballieti- type vehi=le for the same flight. A glide re-entry vehicle uq
necessitate the use of a radiative cooling structure possibly like the oe
shown in Figure 11. It should be noted, however, that in such a structure the
temperature of the outer shell wiLl be considerably greater than the tempera-
ture of the inner shell. Thus, a great amount of differential thermal exan-
sion between the two shells is to be expected. Cracks in the cabin walls
resulting from these thermal stresses may lead to the lose of the cabin
atmosphere. The following precautions are advantageous when designing a
radiative cooled structure.

1. Select low expansion meterials for the outer shell and high eigpanic
materials for the inner shell.

2. Use closely spaced supports to spread out bunkling resulting tfom thermal
stresses.

3. Use very lOV interior surfaaes emissivities.

4. Mirimize conduction paths between outer and inner sLolls.

5. Segment the cuter shell if this is not structurally objectionable.

Last, it should prove very fruitful to study the effects of the following
parameters ct the structural weight of the cabins

1. The geometrical form and volume of the vehicle.

2. The characteristics of the payload.

3, The number of the crew.

4. The mission duration.
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VIII. LIFE SUPPOT SZSTDO

A. AtmoephQa Pr.t A9. godrt

An oxogen euppl vwil. have to be provided for vehicles using non-regen-
erative ecologicel systems, A relatively smaller amount of oxygen wMl
also be needed for make-up azd emergency conditions when a regenerative
oxygen system Ia employed.

Oxygen will be stored in a gabooza or oryogenic form, or possibly generated
choeucly. Gaseous oxygen systems, with reliable equipment already de-
velcped, are ltght and simple to oontrol, and will thus be desirable for
short duration missions. LOX will probably be provided in double wvaed
ocntainers woeghing about 1j times the weight of LOX for missions of the
order of I to 3 man-weeks. LOX systems could also be used " heat sinks
for the cooling systems. Oxygen may be generated chemically by the deooa-
position cf •--:wdrgen peroxide which requires a relatively sim~le storage
system weighing as little as on- sixth the weight of H202, Hydrogen
percxlde systems may also produ!.e water for consumption and power genere-
ticn. Provisions ohould be made for the storage of other gases such as
=aert gases fcr the :.abin atmosphere and propellants for attitude 3ontrol
systemse 02 generation from superoxides of the alkali metals, such as
FOL2 is a promising technique whith has the added attraction of C02
absorption ability.

2. farbou DOoxgde

The problems an'soiated with the treatment of C02 in the cabin atmosphere
include the prccesser of late eeparaticn from the circulating air and the
subsequent disposal of it or its reduction to carbon and breathable
oxygen.

(a) Removal cf C0p. Different methods have been introduced to remove CO2
T•-1Ti'i-•. a&r. It shculd be noted that some of these methods

bn•.. the rescvsl and reduction cf C02 to carbon and oxygen.
The zethodse .troduced includ the followingi

(1) Ventire, For shor' duration mN10sion& of very few hours one
ri.ght resort to venting of the cabin atmosphere periodically.

(2) Y.mbraneqs Semi peormeable membranes are available which pass
diferent klnds of geses at different rates. Some which are
permo-%ble to C02 seuld be used to filter it out of the cabin
atmosphere.

(3) Freeze-c-tA Here the cabin air is to be cooled to a low
temperature. This revults in +he gases being separated ftom
the air Jn a eolid or ]Jquid form. C02 is thec rostoved by
:yotic ,,,rgi-,g cr evacuat•or.
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(4) Eleotrolysuis

a. A sodlum sulfate electrolytic cell is utilised to reduce
water to H2 and 02. This results in sulfuric acid at
anode and sodium hydroxide at the cathode*

b. Carbon dioxide in then absorbed by sodium hydroxide formsig
sodium carbonate.

a. Sodium carbonate is later allowed to react with sulfUrlo
a&3d releasing CO2 to be disposed of, sodium sulfate is
also formed and in then returned to the electrolytic cell.

d. The cycle is then repeated.

(5) Chemical Absorption. Various chemicals may be used to absorb
CO2 from the cabin atmosphere. These include lithidm hydroxide,
baralymes soda lime, potassium superoxide, alkanolasines and
alkali carbonates. Further study should be directed to develop-
ment of chemical absorbers that could be reactivated and re-Goed.
They are more desirable since they impose a lesser weight penalty
on the system. The monoethanolamine (MEA) solution, for example,
chemically absorbs GO2 and other acidic gases and then, when
heated to about 1500F, releases 002 and becomes ready for re-4ke.

(6) Water Absorptions Water could be used to absorb a moderate
amount of :arbon dioxide which is to be released later by heating
that water.

(7) Absorption: Some absorbants, such as the Linde mo3ecular sieves,
which absorb -'ertain gases without a chemical reaction and then
release them cn heating, could be used to remove CO2 from the
cabin atmsephere.

(8) Carbon dicxyde Can also be removed either by condensation by
compression and ocoling, or by compression followed by a Joule-
Thomson expension. These two methods however require heavy
machiLery and should be ruled out for spaze applications.

(9) Phot0os3Ytheti. Methods: Regenerating oxygen from CO2 and
wastos in % closed ecological cycle does not promise to becoe
practical for use in space ships for at least ten more years.

(10) Photolysisi This method, wherein C02 is dacomposed to yield
oxygen by means of ultraviolet light and a catalyst still has
to underfo ccnsiderable amount of development.

(b) Reduction of C02. While the above mentioned moethods deal primarily
will renov.ng7Z from the cabin atmosphere', some methods deal ex-
clusively with the reductlon of CO2 after its separatlon from the
cabin atmosphere. The most promising of these procesies is the one
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utilising hydrogen to chemically reduce 002 and give carbon and wat4Ws
plus the electrolysis of water to give hydrogen and oxygen. Hydrogen
is then recycled for the reduction of C02 . This process is under
experimental study at the Battelle Memorial Insteitus for WADD's 0ero
Medical Laboratory. Other processes for the reduction of CO2 include
its thermal decomposition to carbon and wgrgen. This proeoss does
not seem possible by methods foeaible for a space cabin since it
requires zoess ive povwse

Reduction of C02 by irradiation by gamma rays does not look attrao-
tive for space applications due to large weight penalties and low
procGs efficiency.

Photoahemloal and photosynthesis methods have been mentioned above.

3. Odors and Tra.e Coutninante

The cabin atmosphere will be continuously contaminated with odors emana-
ting from the human body and from electrical and mechanical equipcent in
the cabin. Human odors present will consist primarily of indolo, skatole,
flatus, hydrogen sulfides, amines and glandular excretions. Toxic or
unidentifiable gases may be generated from overheating or other malfunc-
tions of the mechanical or electrical systems. Traces of carbon monoxide
and other noxious gases will also be present in the atmosphere.

Act-'rated charcoal filters, to be placed in the circulating air stream
are good absorbers of manyr of the organic gases contaminating the atmos-
phere. Electrostatic precipitator odor collectors should be considered
for long duration missions and when the electrical power required for
their operation is readily available.

B. ? d. Water and Wast*

1. Water SupPlv and Reolamati

The average humtr body demands a daily water supply of about 2,200 cc,
or approximately 5 lb. About 14% of this amount leaves the body by res-
piration and 20% Is lst by perspiration. The urine accounts for 60%
of the body water requirement and the remaining 6% leaves the body in
fecal cotpounds. However, an additional amount of water, namely meta-
bolic water, is formed within the body from the oxidation of the hydro-
carbonic food ccnsaituents. Metabolic water is formed at an averae
rate equal to 14% of the body daily requirement. Thus, if water is re-
claimed from cabin atmosphere and from urine, while feces is disposed
of either by storage or jettisoning, then an additional 8% of the water
intake is formed by a partially closed ecological cycle.
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(a) Water Reclamation. Water reclamation is accomplished by collection
of atmospheric moisture and by processing of urine and wash wrte.

(1) Collection of cabin atmospheric moistures Numerous sches"
could be utilized to reclaim moisture from the cabin atmos-
phere. These include the followings

a. The use of either surface condensers or water sprays to
cool the cabin air below its dew point and the colleotioa
of its water content.

b. Compression of cabin air until the water's partial pressure

exceeds its saturation pressure.

c. Combined compression and cooling of the air.

d. The absorption of moisture in spray chambers using organie
liquids such as glycerin or solutions of sailts such as
lithium chloride.

e. The employment of counter-current flov of the humid air

and sulfuric or phosphoric acids.

f. The utilization of chemical absorbents such as NaIK.

g. The use of Insoluble solid desiccants such as sillca gel.

A method for the collection of a space cabin's atmospherio
moisture which avoids some problems of zero gravity and powe
consumption is by the use of regenerative desiccants. Insol-
uble solid desiccants include calcium oxide, dreirite, bariua
oxide, activated alumina, silica gel, Linde molecular sieves,
and magneslum perchlorate. Soluble desiccants include lithium
and calcium chlorides., and sodium and potassium hydroxides.
In some cases regeneratioa is possible by heating the desiccant
and corndensing the water vapor evolved

Direct condensation of atmospheric moisture is relatively
simple; and is particularly attractive if a cold source, such
as a cryogenic fuel or oxygen supply, is already on board.
Another method is the use of a radiator-condenser which rejects
heat to space and is designed for operation at temporatures
below the dew point of the cabin atmosphere.

(2) Recleaation of Waste Waters Waste water is composed ia.ally of
wash water and urine. Most of the methoda used in processing
urine seem to be applicable to all kinds of waste uater. Since
urine is the chief source of water supply it seems that one of
the most important life-support subsyntems that has to be
developed is the one required for the treatment of urine in a
-losed ecological system. Such a unil. seems to be techrically
feasible, however the amount of research done to substantiate
the predictions of the performance of such a device is very
sparse.

52 -



Sce of the met.hods suggested for the reclamation of water from
urine follow,

a. ireezng: jIn this method water s allowed to froese out of
solution leaving the Upurities behind. Methods suggested
for freezing include space radsation and mechanical refri-
geration.

b. Zleetro-Osmouie: Here the water container is divided in
three compa-taents by two types of sieve barriers. One of
the barriers is permeable only to positive ions while the
other is permeable only to negative ions. When the vals
of the :cntalter at either end are electrically charged
ion ocncentratiou inrteases in the end comapaxtments and
the ion-free water formed in the middle coupartment •s
drained off.

a. Cbemi•al Msthods: Several chemical methods have been
propcoed for water reclamation from urine. One of the
more promising chemical methods is the one utilising the
principles of ion exchange. Nov synthetic resins developed
in the past few years are found to have a high degree of
ion ex-.hange ability. In this process minute spherical
granules are made to remove selectively any or all of the
ionr in urine and produce water that is practically free
Ce electrolyttes.

d. Distlflationi In this process urine is evaporated and then
the water vapor is allowed to condense. For space appliia-
ticn: urine iould be heated and centrifuged aimltaneously.
then a1owed to condense in a space radiator. The condensate
is then flItered. The use of a microfilter before prooessint
i% 7 p o=rended tc retove bacteria, large protein particles
and cthfr suspended materials. Vacuum-distillation will re-
dues 4 h? heokting power requirements.

(b) WaterSupj~ly, I"ria, water has to be supplied for short duration
missione a? ve'.l as for make-up for pertlally closed ecological uater
systems. ThIs wster will be supplied either as liquid or in a ches-
ical cmpo-nmd.

The possibilitj exists that this water while in storage could be used
for radition shielding.

2. Preagtj

For mission durations of more than a very few days It Is desirable frr the

morale and health of the crew to provide food that i. high in qielitjt and
varied in fora.
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Methods of food prseer'ation should Insure long stcrage life with light
packaging requirements. The following methods hare been suggested.

(a) 9P m In this meotod bacteria are killed and ensymes deactivated
by heat. Canngrg preser,,rmfo-4 for long durations. However, its
packaging might require higher weight penalties than other methods.

(b) ._!j #a In thih preooss the lcw temperature inhibits bacteria
growth. High oonsumer acceptability, medium paekagin& requfreentap
and long preservation life are insured. However, these are offset
by the heavy power demands of a frpeuing system with its assoclated
high weight penalties.

(a) IL"-§ In this method, food is first frozen and then sub-
Jected tc a pulsed elez.trcmagnetio beam until the Leo crystals are
sublimed. In this pro:ess the food is reduced to about 10% of its
original weight. BaHterial growth and formation of ensybes are
inhibited by the absen".e of moisture. Vitamins and protein struc-
ture are not affected. This method has a long storage life and
light weight. However, it has a critical packaging problem. The
presence of as much as 2% moisture, by weight, will cause browning
of the food. Greater moisture .ontents will activate ensymes and
bacteria,

In preparing a frozen-dryed food for consumption it requires soaking
in water for varied periods of times to regain its moisture content.

(d) Beta and Gamma Irradiations, In this method Zood is preserved for
long duration when subjected to beta and gamma irradiations which
inhibit sprouting and destroy the microorganisms and parasites
present. This method increases the storage life of meat and pro-
duc,, and if sterilization is possible no refrigeration is needed.
However, only few items can be irradiated without producing bad
tastes, colors cr undt.rable odors.

3. Waste Product#

Wastes include urine wash water, food wastes and feces. For a mission
duration longer Uan a fei days, urine and wash water will have to be
processed to reclaim water from them. Feces contain about 0.2 pounds
of solids per average man per day together with 0.3 pounds of water.
It seems that for the next few years it will be more advantageous to
store this kind of waste, while the vehicle is iv orbit, than to renro-
ceos it or even jettison it overboard. Waste products will be recycled
whenever a completely closed ecological system is developed.



C. Closed Ecological Systepi

Closed ecological systems have been proposed which utilize the conuept
of biological balance between anime) end plant lives. The process involved
.- the synthecis of carbonhydrates through the action of chlorophyll with the
aid of solar radiation. This process is known as photosynthesis and can be
characterized by the following relation:

6C02 + 6 H2 0 + Solar Energy + Chlorophyll (Catalyet)

= C16 H1 06 + 6 02

Considerable energy in needed in thin process since it involves breaking the
chemical bonds of the H2 0 and CO2 moalecules. It is also noted that the absorp-
lion band of chlorophyll lies between 0.4 and 0.75 microns which means tbht
only ibout 35% of the solar energy can be used in the process. This portion
of solar energv, will be even reduced further by the processes of plant res-
piration and other defioiencien in the plant's systems. Konecoi estimates
that only 20% of th- solar energy is utilized in photosynthesis.

Proposed closed ecological systems include algae and broad leaf plant
systems and some introduce animal life in the process by the inclusion of
fish or other animals, Algae systems would utilize human wastes in either a
gaseous, liquid or solid form as nutrients.

Long range planning fc- adaptation of algal culture systems to future
space c•nb.a has been undertaeen by the USAF School of Aviation Medicine.
Exqperimental research in this area is conducted by many organizations in-
cluding The University of Texas, The University of California at Berkeley,
The National Institute of Health, Electric Boat Division of General Dynamics
and Boeing Airplane Company.

It is estimated that in a p,5riod of about ten years a prototype closed
ecological system may be developed.

D. Related Subsyst.a_

Systems related to the life support and environmental control include
•ixiliary power and other thermodynamically related subsystems such as atti-
tude control, propulsion and all equipment which uses auxiliary power.

This relationship exists by reason of the heat rejection of the quxiliwoy
power aystam and all power using eauipment, and the relationship may b- aug-
mented by desigu of integrated systems.
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The avxiliary power system will be required to aupply the power demands of
the 13.fe support and enviro=mental control system as well as that for cominica-
tionj, reconnaissance, guidanoe, attitude control and. other power consmiing =nits.

Analyses have shown that the life support and environmental control .ystea
will require more than 50% of the total auxiliary power. Thus the selection of
a power system will influence the performance of most of the space vehicle's
'uubxyatersi, Auxiliary power systems for moanned space craft may be nuclear,
solar or chemical. Methods of systems integration are described in the follow-
ing p.*-graph.

E. Integrati~on-ofPhe Life SuDport System with Other Vehicle &_bsystems

It is e-fident that for thle design of an overall opti==m space vehicle ares
degree of integration will be considered between the life support and environ-
mental control systems end any other thermodymamic systmms such as-the auxiliary
power am: attitude control systems. It is also apparent that each individual
vehicle will present new problems and require new solutions and thus no one
solution or a seriss of solutions w1_ll be suitable across the board.

Rulatively short duration missions offer the best promise for systmi
integration such as when the thorn-AJ and environmental control systems are
integrated with the hydrogen-oxygen power systvm. For longer durstion missions,,
foodi, water and cryogenic stores may be used for shielding against radiation.

As a typical example of systems integration consider the NASA-planned Nova
Lunar Reconnaissance Mission. This is a direct Zarth-to-Moon flight taking 2
men to a soft landing on the moon and returns in about 12 daiys. The following
are rough estimates of the power requirements for such a missions

Attitude control, guidance, reconnaissance, telemetering and other
electronic equ.Ipment 1,000 watts

Environmental Control Systems:

1. CO2 Separation and Removal = 400 wattar

2. CO2 Reduction witn Hydrogen to Carbon and Oxygen,
including power for water electrolysis and
axygen Make-up = 840 watts

3. Urine Waý,*r Distillatiou = 200 watts

4. Toxins~ anid Dt-At Removal = 402 we-ttf

Total 2,,840 watts

or Approxi.mately 3,000 watts
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Nov the mininum amount of nxygen needed by the crew for the mission is approxi-
matly 48 pounds. Thus, considering an additional 24 pounds for emergency and
make-up conditions and allowing for tankage and storage, the total weight of the
oxygen supply system would be about 180 pounds.

About 240 pounds of water vill be needed for the missiou. Thus the water
storage system, if fresh water is taken on board, will be approximately 3C4
pounds. Various power systems can be utilized for such a vehicle. Those inoludo
nuclear reactors, solar power systems, hydrogen-oxygen povor systems, hydrogen
peroxide systems and hydrogen-oxygen fuel cell systems. If nuclear or solar
energy sources were utilized it seems advantageous to carry the required oxygen
and water on board and supply the required power for the other systems.

When a chemical hydrogen-oxygen system is utilized a 1.8 1W system will
be required. This system will demand an assumed specific propellant consumption
of 1 pound/HP-HR. The water formed in the combustion process will be = 695 pounds.
240 pcunds of water will thus be available for human use and the remaining, am
water vapor, could be used for attitude control and propulsion purposes. The
cryogenic storage system may also be used as a heat sink for the environmental
control system.

It does not seem beneficial to use a hydrogen peroxide system since it
would be too heavy for this particular application.

A hydrogen-oxygen iluel cell system may also be applicable to this mission.
Water is a by-product of these cells but it- will have to be purified to make
it potable. The present state of developnent of fuel cells make it difficult
to assess the advantages of rch a system. A system weight of 800 pounds per
kilowatt is estimated for tkie application.
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IX. SURVEY DATA

A major portion of the first quarter effort has been a survey of currant
technology. Section XII, Bibliography, indicates some of the l3terature available.
Visits were made to several government establishments and industrial firm# in-
cluding other Divisions of Convair, to determine the nature and scope of their
work in environmental control.

A. S ary of Visits

Following are brief comments about results of visits. Not all places
wer3 vis.ted by the same personnel. More detailed information is a~ailablo
in trip reports of the visitors.

1. Aerospace Medical Center, Brooks AFB, San Antonio, Teas. The Space
Medicine Division of this center is primarily concerned with laslo
and applied resehrch, with atteation to hardware development only as
necessery to accomplish research. Current and planned program ane
medically oriented studies, which include: effects of various cabin
atmospheric ccnmpositions and pressures; trace cortaminEnts;neuro-
psychiatric effects of the space environment; and bacteriological
problems in water regeneration from urine.

2. USAF Ballistic Missile Division, Inglewood, Calif. BMD has a small Bio-
Astronautics staff, all of whom are Air Force officer personnel. Past
work dealt with animal experiments in ballistic missile flights, aid at
present there is an unofficial status as advisors on the Mercury prG.
gram. Their experience indicates that manned space flight is being
paced by life Fapport equipment and not by booster capability,

3. The Rand Ccrp., Santa Monica, Calif. Recent Rand studies include one on
the meteoroid hazard to manned space flight. Another is on oxygen
reclamation by reducing CO2 with hydrogen, followed by electrolysis of
the water. They are negotiating with a vendor source for an experimental
phase of this study.

4. NASA, Washington, D. C. At the time of the visit, the reorganization
which created the Offic of Life Sciences had not been accomplished.
Dr. Douglas Worf, thun thief of the Biology and Life-Support Systems
of NASA, rec•mmended that Convair re-submit, at mid-1960, the pro-
posal "Life Support Systems Design Study for Manned Space Vehicles',
dated 8 September 1959. (REA 8349). A later letter from NASA
indicated a lack of funds and suggested that the matter be brought
up again next year.

5. WADD, Dayton, Ohio. PR 92069, writ'.en by the Aeronautical Accessories
Laboretory, i3 discussed in Par. IX C. 1. The Aero-Medical Laboratory-
Engineering D. -,lopmont Branch has the following work in progress under
Laboratory spoy sorship.

a. University of Dayton CO-2 concentration and recovery methods.

b. Battelle Menorial Institute - Recovery of 02 from C02 - Reduction
of CO2 with Hydrogen.
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c. Cherical supply' of 02 using potassium superoxide - IL proposal
stage.

d. Development of regenerative absorbers for C02 and H.O.

e. Electrolysis of H20 at zero g" to produce oqgen.

f. Storage and control of liquid C2 at zero *SO - Diaphram or
bladders asd paramagnetic properties of L02 are being studied
to separate the liquid and vapor phases.

g. Storage of gaseous 02 - 7500 psi appears to be the optism
pressure-criteria is pressure for which product of weight and
volume of oontainer is minimum

h. Liquid oxygen converters - methods of heating to regulate vapori-
zation rate

*. Continuous monitoring of gaseous environment composition - studies

at Lab

J. TAPCO - Development of combination fuel cell and 02 source

k. Fir6wel Co. - 6 hour knapsaak 0 and cooling supply for space suit

1. Stewart-Warner - "Li 4uid lck" water absorber

m. Electric-Boat Division-General Dynamics Corp. - Algae experiments
to develop closed ecological cycle - Aero4-ed Lab does not appear
to be as enthusiastic about this method as was Electric Boat
(Dr. Richard Benoit). Vo reports are yet available.

n. Electric Boait - Water reclamation studies - Reports not yet avail-
able. Vacuum distillation of urine appears to be most promising
at this time. Freezing purification of urine is not proving out.

o. Artificial photosynthesis methods studies - Contractor not yet
selected. Use of the Hill reaction, wherein light is used to
energize the reduction of H2 0 to H2 and 02, is to be investigated.

p. Nutriticnal studies of algae - Boeing is doing work in this area,
as well as the Aoro.Mled Lab.

q. Use of animals, a2 weill as plants, in balancing closed ecological
systems

r. Proce-ising of hunan wa "a by use of algae - Techniques for us" of
algae to coisuno and c'nvort wa,;tei3 rro still in vory early stagen,
again contrary to inforcation obtained from Electric Boat.

s. eoneral Electric - Food Refrigeration spkce vehicles.
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6. Electric Boat Division, General Dynar5 cs Corp., Groton, Conn. Electric

Boat has extensive facilities and a relatively large organization devoted

to environmental control studies. Much work is oi algae cultures for
photosynthetic gas exchange, waste processing, ara food production.
Other investigations include electrolytic oxygen generation, removal
of trace contaminants from air, oxygen supply from metallic superoxides,
and C02 removal by freeze-out. Part of their work is for Hamilton
Standard DiTision of United Aircraft. They seek cooperative efforts
with Convair.

7. Garrett Corp., Los Ang6les, Calif. The AiResearch Division produoes
the life support system for the 'Morcury capsule. This is a system
hav;Lng 7500 psi oxygen supply which is reduced to 100 psi and then to

5 psi for both the capsule and the pressure suit. The recirculaticmn
system has blowers, a charcoal filter, a lithium hydroxide absorber

for C02 , and a water vapor condenser with sponge and squeeze apparatus
for zero - g operation. Cooling is by evaporating water from a tank.
They are proposing a cryogenic system to replace gaseouc oxygen storage.

8. Litton Industries, Beverly Hills, Calif. A research progrev on high
vacuum friction has bean completed. Litton prepared for Aero~et the
life support and human factors portion of a report, "SR-192, St.-ategio
Lunar System", AFB1.UD TR 60-16, Contract No. AF 04(647)-333. •Theý have

proposed a moon base simulator for training space crews to work on the

lunar surface.

B. Industry Activitt.y in Environmental Control

In addition to the information by visits, various literature sources

and personal contacts indicate activities of competing firms as outlined
below.

1. Boeing Airplane Ccnpany. A Space Medicine Branch is organized under

the System Engineerxig Directorate, and the Branch has an Environ-
mental Prot6cticn Section. Representative areas of work include

cabin environment, pressure suits, toxicology, radiation effects,
noise, vibration, acceleration, environnontal recycling apparatus,
safety equipmcnt: and physiological instrumentation. Among present
facilities are a microbiological and biochemical laboratory, an
animal colony facility, a greenhouse, an electronics shop, and a radio-

isotope laboratory. A proposed biological research facility will
include altitude ani decompression chambers equipped for multiple-
stress testing of equipment and personnel. Boeing has environmental
protection experience on the Dyna Soar program and was also a funded
contractor on SR-183. They are sheduled to conduct a low frequency
vibration test on crewman for a Navy research program.

2. Douglas Aircraft Canpany, Santa Monica, Calif. Life support and environ-
mental ccntrol systems for 3-man and 5-man space stations have been
designed. The occupancy duration is 100 days and there is provision
to accomrnolate up to 15 crewmen for periods of a few days for training.
Douglas estimates cost to develop this station, exclusive of Saturn
Booster, is QiO0 million. This comprehensive and up--to-date study
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is a continuation of extensive activities over the pas- several yearsp
including studies of space cabin design and human factors requirements.
A Life Sciences Section performs the current work. Douglas participated
in SR-183 studies on a company-funded basis and was recent2y awarded
a contract for development of the Saturn secoud stage.

3. Chance Vought, Dallas, Texas. A Human Factors Laboratory is equipped
with eart-h-orbital simulators and space capsule mock-ups. Closed
ecol.ogical systems are under study. A proposed simulator would
duplicate heat, movement, noise, and many of the psychological
effects of space flight. Chance Vought Astronautics has designed a
mann9d space station using Saturn as Booster, with predicted cost of
•i.5-2.0 billion, exclusive of booster and launch facilities.

4. McDonnealAircraft Corp., St. Louis: Mo. Design and fabrication of the
Hercury manned capsule is the principal effort in manned space flight.
The environmental control system was designed by McDonnell and is
being built by AiResearch.

5. North American Aviation, Inc., Los Angeles, Calif. Environmental
control experience is associated with the X-15 program and company
funded work on SR-283.

6. Lockheed Aircraft Corp., M1issile and Space Division, Palo Alto. Calif.
Lockheed has proposed a 10-man, wheel-shaped space station for research
purposes and later a $1.5 billion modular building block type of space
station of indefinite life using the Saturn booster. These proposals
indicate considerable detailed effort in the manned vehicle fiela.

7. The Ikatln Co., Denver, Colorado. Studies of an advanced lunar base have
been made, including funded contractor work on SR-183. Martin -
Baltimore has also designed a Saturn boosted millti-manned space
station using present state-of-the-art in structures and environmental
control.

8. United Aircraft. The Hamilton Standard Division, Windsor Locks, Conn.,
has studied and proposed evaluation of five carbon dioxide control
systems. Other studies are on tenperature control of space cabins.
United Aircraft also participated in SR-183 studies on company funds.

9. Others: Minneapolis.-Honoywell built the 2-man space cabin simulator
for the A? School of Aviation ledicino and made lunar base stud.es.
American I!achino and Foundry has studied water recovery by distillation
of urine. Air Reduction Co. has worked on an experimental closed-
cycle breathing ventilation system. Firewel-Aro Co. is studying
atmospheric control and cooling of space suits and cabins.

C. Cjrrent Activities of Government Agencies

Environmental control is and has been an essential part of all spac%
programs. Thoso involving manned flight have requirements of broader seope
and theso problems are being recognized in current activities of IUASA aLl
the armed services.



1. bam !Qliicle Thernz aL &tn A c,'Ahori3 CCxtro9 Study. PR 92069, frm
the Aeronautical Accessories Laboratory, WADD., Dayton, Ohio call
for an anal;rtical and experimental study of environzrontal control of
man and equipment in future military space vehicles. Convairt
proposal is contained in Report No. ZR-760-016, March 30, 1960.

2. Iaraned Space Fli&zht. The Mercury project is well known. There are In-
dications of Interest in an advanced version having longer flight
duration and greater crew capacity. SR 79814, "Space Lcgistics, Maintenancep
and Rescue" (SLCoUAR) dolas with the study of space ferry vehicle design,
including ervironmental protection and life support for short duration
flights. SR 17527, ¶llilitary Test Space Station", involves similar re-
quirements for durations of several weeks and with a crew of several
persona.

3. J!sB .U An Air Force team made a concontrated study of life support
and environmental control in connection with SR-183 on lunar basing.
Conclusions weres

(a) Pressure suits will not be worn in normal operations within vehicles.

(b) Cabin atmosphere will be air at 14.7 psia.

(c) System will not be dependent on biological components (algae).

Another lunar base study is SR-192, and reports have been prepared
but not released.

4. -A- Anong NAUA studies is one of an 8-man Mars exploration mission,
in which 24ý of the 350.000 lb. vehicle weight is allocated to food,
water, and oxgcn. Current emphasis on these and related problems
is shown by The creation of the Offico of Life Sciences at a level
immediately s;ibordinate to the :'ASA Administrator.

X. FROBI4! ARFAS

"Nearly all aspect of en-rironnennal control and life support involve
problems which rst be solvt} JIf protr-"zs in :ar.ned space flight is to be
a.intained. Sone of thoer •crobleme can be cirz,,kv.nted, or partial solutio•n

exist. Othecrs will require 1sic ro!oar-h for adequate resulte.. Teclhnical
nsTocts of thcoe probl.-!s havo b-on ,i 1sýussod in sections VI, VII, and VIII.
The pu:pos ) of fi:,thor dz.s-uLn I:eor, is to indicate the t% of effort roquire4

and thý rL V.,tn-hip to missions planned.
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A. AnMR= g fPoblem.

SRe ationshiD to & Jss=onn

l. Thermal control Analyses, design, and All miasimn
development.

2. Meteoroid protection More research is necessary An. missions. The
to adeqv tely define the hazard increase.
hazard. Design studies of with duration.
protective measures.

3. Natural radiation Basic research is nocqssary The hazard increases
protection. to adequately define the with duration. Van

hazard. Allen radiation may
be avoided by choice
of trajectory.

4. Leakage of cabin Analyses, design, and All dissions. The
atmosphere. development of cabin hazard t1nreases

structure. with duration.

5. 3torage of atmos- Analyses, design, and Short duratio
pheric gases. development, missions for priMtry

supply. AU misscons

for emergency s.-pprv.

6. C02 separation Research and development. Present methods are
Seek new physical and/or acceptable for short
chemical processes. durations only.

7. C02 reduction Research and development. Long duration missions
Seek new physical and/or will require reclaim-
chemical procosses. ing 02 frni4 C02

3. Odors and trace Research is required to The hazard increases
contamir4nts define the hazard. Control with mission duration

methods wre kno'A., but more and may be dependent
testing is needed. on other subsystems

of the vehicle.

9. Water Supply Design and Iovuloprent. Missions excooding
a few man days will
require rnclaiming
water froa wastes.

10. FoAxl -up•&l Basic rosearch In closod Interplanetary mLsaions,
e0oo3jic~al s3to:3s. or a porvAnont lunar
Dovelcpm-nt of preeirvaztion, tase, may require
; • ,•-•' n, n<i roclration of food

-. ~i = .*hdi•. frc• :t• Shorter
M!3i51na can utilize
.toro-d solid foods.



Proob12O=2R io&,hio to Hiakina

U1. Subsystems integration. Analyses, lesign All masions.
and development.

12. Atmospheric Research to determine All missions. An
Composition aWd man's tolerance to optimum composition
presiiure, alion atmoepiterev is less •vital to

for long durations. shorter missions.

B. Selection 2f Problems for Convair fort

A determination of which problem areas represent desir9ble tasks for
Ccnair will be bases on the following oi~erita:

1. Solutions will significantly advance the capability for manned space
flight.

2. The effort will avoid areas In which work of others in concentrated and
solutions appear imminent.

3. The selected problems will be within Convair's capability with present
personnel and facilities.

It is recommended that Convair study the problem areas listed below In
order to enhance the capability for participating in programs of manned
space flight. This selection conforms with the above criteria and p:-caises
maximum benefit to Convair for the level of effort required.

1. Leakage of cabin atnosphere: Even ninute leaks impose a severe weight
penalty for missions of long duration. In addition to those which may
esult from fabrication imperfections, other leaks may be cauced by

meteoroid penetration. Some aspects to be investigated are:

(a) Analysis of effects of cabin atmosphnre conposition and pressure
on leakage ponalty.

(b) Cabin wall design to minimizo leakage by such techniques as a
-ulti-layT,. spaced structure, integral wall sealant materials,
and positive seals for access openings.

(c) MHthod(s of det,!c+!n, oc•ln •d soalin !- loa by the crew.

COa2 sapardtion anC roduction: SZparatlon of C02  - -i3.;ential in any
.edK cabinr,. r• A rj-*ton h a 5top toward a rege:norativo oxyg=

sujply. Thn otý.,s ri~antly cor3idornd arn rmbeorsome end i" Oe
larGe e Jntlft. Alwhxh improved pjrfor--an-cr rAy be expctod
of .ot•dAs oxi undir otudy, now pijlicml and!/or chor-ical processes
shoeld be siught.

3. Intcerati-n -,f environ-ental ecn*r,-l and lift su?,pv,-t with other sub-

't•-'a: r't r ar~' has r vc A vI little t. tt'I iv.! *'. VNear- very
-r=iitn,. Cn or -or , ar:ly* i•ttle I !Ce i will .. •,lmsel..
Dn tho :::•Inp.,n:•n,7 atatod in, "cc' !-r, i.T.- ,•yCal models



will constitute the framework for conception and analysis
of integrated subsystems.

4. Modular design of life support and onvironnental oontrol equipments
A man-day capacity unit nay be postulated for the non-regenerated
stores for life support and environmental control. This concept may
be extended to the associated equipment. An optimum modulep of I
man-days, will be sought: and will be re.-srenced to the mission
planning data of Section IV. The module derived will then be applied
to thr. sores and equipment to provide design data.

5. Power requirements for environmental control processes: A valid

analysis of power required is essential in assessing the various
processes for environmental control. Many present estimates appear
to be inadequately founded. The power required, including the duty
cycle, will be determined from fundamental considerations together

with any available state-of-the-art information.

XI. PROPSED PROGRAM

The schedule which follows is forean er months continuation cf the present

study. The tasks shown are those selacted in the preceding section, plus the

preparation of a proposal to IWASA as described in Par. IX A. 4. Quaxterly progress

will be prepared at the end of the se;cond and third quarters, and a ftal report

will be made at the conclusion of the study. The participating groups Lre

Air Conditioning, Body, Chemistry Laboratory, Human Factors, and Thermody, mics.

QO! /A:R 'R, AThO/
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